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ABSTRACT
The production and processing of freshwater crawfish 
(Procambarus s p .) is an important seafood industry in 
Louisiana. Year round availability of a consistently high 
quality product will help maximize marketability of peeled 
crawfish meat. This study addressed several quality problems 
associated with fresh and frozen crawfish meat.
Freshj peeled crawfish meat is frequently packaged with 
hepatopancreas for added flavor in prepared dishes. Sporadic 
development of mushiness in crawfish meat packed with 
hepatopancreas was an unpredictable problem for crawfish 
processors. Hepatopancreatic enzymes were thought to be 
causing proteolysis of ice-stored meat. Study results showed 
significant effects <p<0.01) of cooking time on the texture 
of ice-stored meat. Gelatin degradation by hepatopancreas 
proved to be a good indicator of enzyme activity and 
adequacy of blanch treatment.
A popular preference for red swamp crawfish <P. 
c l a r k i i ) over white river crawfish (P. acutus acutus) is 
maintained by many processors and consumers. Both species 
are harvested simultaneously in mixed proportions. Easily 
recognizable exterior physical characteristics distinguish 
the two species. Sensory differences of processed tail meat 
had not been determined. Results showed insignificant 
differences (p>0.05) in texture and flavor between the two
species. Significant differences <p<0.0005> in color were 
determined. The reddish color of the meat and hepatopancreas 
could be a source of preference for red swamp crawfish.
Freezing fresh seafood can provide year round supplies 
of high quality products. Freezing and frozen storage have 
been associated with quality deterioration in seafoods. 
Toughnessj e x c essive drip l o s s 5 and moisture loss can be 
significant quality defects in frozen seafoods; such as 
crawfish meat. Four freezing and two packaging methods were 
studied to determine effects on initial meat quality and 
during -£3°C storage. Freezing method had little effect on 
microbiological quality indicators) although frozen storage 
and packaging with hepatopancreas did. Freezing method did 
not significantly affect meat texture. Frozen storage 
significantly <p<0.0001) increased toughness. Cryogenic 
freezing significantly reduced meat drip loss <p<0.0001) and 
increased <p<0.05) moisture content. Packaging with 
hepatopancreas significantly increased drip loss <p<0.0001) 
and moisture < p < 0 . 0 5 ) s and reduced toughness (p<0.0001). 
Results indicate that cryogenic freezing produces better and 
longer lasting quality in frozen crawfish meat.
INTRODUCTION
The following d i s s e rtation is based on a number of 
integrated research projects involving the processings 
p a c k a g i n g 9 and storage of fresh or frozen crawfish meat. The 
literature review presents information that will provide the 
reader with an understanding of the meaning and significance 
of the research material that follows. The a u t h o r ’s research 
is presented in five sections under different headings. Each 
section is the basis of a manuscript for journal 
pub 1 icat i o n .
LITERATURE REVIEW
Introduction
Food preservation has been used -for thousands of years. 
One of the earliest methods recognized was chilled and 
frozen storage. Early man discovered that animal carcasses 
could be stored in winter ice and snowj and consumed for 
months thereafter (Hallowell. 1980). Obviously the reasons 
for temperature pre s e r v a t i o n  were unknown at that time. Only 
in recent history has man applied proven scientific 
p rinciples to food p r e s e rvation methods that produce the 
qualityj quantity and variety of preserved foods available 
today. Two critical factors used to help maintain a supply 
of safe and w h o lesome food are temperature manipulation and 
control (ICMSFj 1980a). Consequently) temperature is used to 
preserve con s i d e r a b l e  amounts of fresh and frozen seafoods) 
including crawfish.
Microbiological Factors
The role of m i c r o o r g a n i s m s  in the quality) shelf l i f e 9 
and safety of fresh and frozen fishery products
Per i shab i1 i tv
There is little doubt that temperature is the most 
important variable influencing the spoilage of seafood
1
<Ronsivalli and Baker, 1981). Raw finfish and shellfish have 
long been recognized as being more susceptible to spoilage, 
even at chill temperatures (0° - 7°C), than red meat and
poultry products. This is due in part to the presence of 
endogenous enzymes and bacterial populations associated with 
cold blooded animals, that remain quite active, even at 
chill temperatures (Shaw and Shewan, 1968; Liston, 198S; 
Hobbs, 1983).
The presence of high levels of trimethylamine oxide 
(TMAO) in marine fish is considered one reason for their 
more rapid spoilage than other animal flesh foods, including 
freshwater fish (Hobbs, 1983). It has been shown by Easter 
et al. (198E) that many spoilage bacteria, such as Aeromonas 
putrefaciens (Laycock and Regier, 1971; van Spreekens, 1977; 
Easter et al. 198E) and Alteromonas (Gibson et a l . 1977),
use TMAO as a terminal hydrogen acceptor when oxygen is 
depleted, reducing it directly to trimethylamine (TMA). 
Marine vibrios have also been shown to produce TMA (Shaw and 
Shewan, 1968; M akarios-Laham and Levin, 1984-). This process 
allows rapid growth of nonfermentative bacteria under 
m i c r o a e r o p h i 1 ic and anaerobic conditions of spoilage. Thus, 
the association of TMA with spoilage.
In raw, chilled fishery products, deterioration is 
initially a result of autolytic enzyme activity. Undesirable 
odors and flavors associated with fish spoilage are the 
result of bacterial growth. Bacteria initially metabolize 
soluble nonprotein nitrogen material, followed by
proteolysis in later stages of spoilage (ICMSF, 1980b; 
Liston, 1982; Hobbs, 1983). Without bacterial activity, the 
characteristic symptoms of spoilage do not occur (Liston, 
1982).
I
Spoilage organisms
Fish and shellfish from temperate waters have a
dominantly psychrotrophic bacterial population, whereas
those from tropical waters have a typically mesophilie 
population (ICMSF 1980b). The optimum and minimum growth 
temperatures for these groups are 25° to 30°C and -5° to
+5°C, and 30° to ^5°C and 5° to 15°C, respectively (ICMSF,
\ , 
if
1980a). While bacterial populations will be altered by 
handling and processing, psychrotrophic bacteria, such as 
those of the genera Pseudomonas and A l t e r o m o n a s , become 
dominant as spoilage proceeds at chill temperatures (Liston, 
1982; Hobbs, 1983). Since these psychrotrophic spoilage 
bacteria comprise a dominant portion of the initial
microflora on fish, less time is required for the onset of
spo i l a g e .
Due to their high susceptibility to spoilage, fresh 
fishery products are most commonly preserved by iced 
storage. Freezing, traditionally used to preserve fishery 
products for further processing, is being used increasingly 
for retail distribution (Jensen, 1982). These preservation 
methods minimize the growth and number of microorganisms 
p r e s e n t .
Microbiological hazards - foodborne pathogens
Pathogenic organisms can be introduced into fishery 
products from the aquatic environment from which they were 
harvested, or from fishing vessels, processing plants, 
storage facilities) and human handlers. Waterborne 
pathogenic bacteria of public health significance include 
Vibr i o , P s e u d o m o n a s ) E r v s i p e l o t h r i x , Leptosp ira ,
P a s t e u r e l l a , M v c o b a c t e r i u m , and fteromonas (Brown and Dorn> 
1977). Pathogens that can contaminate fishery products 
through water polluted by sewage or diseased animals include 
Escherichia c o 1 i , Salmonella s p .; Shigella s p , 
Staphylococcus s p .> and Clostridium botulinum (GhittinO)
1972). Two of these pathogenic s p e c i e s s C. b o tulinum type E 
and non proteolytic types B and F, and Vibr io 
p a r a h a e m o l v t i c u s , are considered a normal part of the 
microflora of fish (ICMSF) 1980b). Harvesting from 
unpolluted water, and proper handling ) sanitation, and 
processing methods can minimize the potential of foodborne 
disease transmission from fishery products (NRC, 1985; 
ICMSF, 1986).
Microbiological criteria
Seafood supplies 18-20*/. of the animal p rotein consumed 
today. As the world p o p ulation grows, the need for seafood 
is increasing worldwide. However, pollution and local 
overfishing may limit increase in total catches (Persson, 
1 9 B 1 ). To help meet demands for fishery products, inland and
coastal aquaculture is expanding) while at the same time, 
growing human populations increasingly pollute many of these 
aquatic environments (ICMSF, 1986). The FAD (1979) lists 
over 800 species of fish and shellfish harvested for human 
consumption, a large portion of which enters international 
trade (ICMSF, 1986). Fishery products may be obtained from 
numerous types of environments, and then handled under a 
variety of conditions. This necessitates an awareness for 
the potential of microbiological problems in seafoods.
To help insure safety and utility of fishery products, 
microbiological criteria on bacterial indicator organisms, 
pathogens, and total numbers, have been established for 
different classes of raw and processed seafood. The 
International Commission on Microbiological Specifications 
for Foods (ICMSF, 1986) has established criteria for six 
categories of seafoods. These consider existing national and 
international criteria as well as influences from a variety 
of geographical regions, handling practices, processing 
methods, and storage facilities. Certain fishery commodities 
and their products have not been included in these 
categories because of lack of microbiological data. 
Freshwater crawfish and processed crawfish products are 
among the uncategorized seafoods. Grodner and Novak (197A), 
however, proposed guidelines following a survey of the 
bacterial quality of live crawfish and commercially 
processed meat. Nevertheless, product specifications by 
buyers vary considerably in numbers and types of
microorganisms tolerated. Federal or state microbiological 
criteria for fresh crab meat (Cockey, 1983) have been used 
in Louisiana as a guide in establishing criteria for fresh 
or frozenj processed crawfish products) including whole 
crawfish and peeled meat.
In the United States* the majority of finfish, 
molluscs* and crustaceans are consumed as cooked products. 
Consequent 1y * most problems of a bacterial na t u r e  involve 
economic losses due to spoilage rather than the occurrences 
of foodborne disease outbreaks. Bryan <1980) reported that 
from the years 1970 - 1978* fish* molluscs* and crustaceans 
accounted for 7.V/., 1.9% and 1.4%* respectively, of
foodborne disease outbreaks in the United States. In most 
instances of known etiology, the primary source of toxigenic 
or causative agent was naturally present in the aquatic 
habitat. Considerably less than half of these were 
attributable to sewage pollution of aquatic habitat, or to 
food handlers and the processing environment.
Abeyta (1983) conducted a survey of bacteriological 
quality of 887 fresh fish, molluscs, and c r u s taceans in 
retail Seattle markets, and found only 8.1% exceeding the 
maximum limit for acceptability as suggested by the ICMSF 
<197^). Such high marks are not, however, standard 
throughout the U.S. or the world. Continued s u r v e illance of 
the microbiological quality of seafood products, and factors 
that influence numbers and types of microorganisms present, 
is needed. Information provided through such efforts should
help the seafood industry provide products that meet 
microbiological criteria and likewise m inimize the risk of 
foodborne disease.
Effects of chill and freezing temperatures on 
bacterial growth and survival
Chilling a fishery product to just above its freezing 
point will have dissimilar effects on the microflora 
present. As environmental temperatures fall below optimal 
levels for an organisms growth slows and eventually stops. 
Rapid chilling of mesophilic bacteria from optimal growth 
temperatures <30D-A5°C) to near 0°C can result in cold 
shocks and death of a portion of the population. 
P s y c h r o p h y 1 ic organisms are less sensitive to similar drops 
in temperature <ICMSF, 1980a). Death due to cold shock is 
thought to be due to a sudden release of cell constituents  
through membrane "holes" caused by freezing of certain 
membrane lipids. Psychrotrophic organismss with membrane 
lipids of a lower melting points are less susceptible to 
development of these "holes" (Rosej 1968).
Proper ice-chilled s torage of fishery products will
select for the growth of psychrotrophic or g a n i s m s  in a
population mixed with mesophiles. At chill t e m p e r a t u r e s , 
r
psychrotrophic organisms will cause spoilage of fishery 
products; and while growth rates may be slows spoilage can 
occur within commonly used storage periods (ICMSF, 1980a).
Consequently} the ICMSF (1986) recommends the use of
psychrotrophic counts as an indicator of incipient spoilage 
in raw and processed seafoods. liesophilic counts give 
numbers on the order of 10*/. that of psychrotrophic counts> 
and are not considered to be the best quality indicators in 
chilled seafood.
Freezing has variable effects on microorganisms. Spores 
and some vegetative cells survive essentially uninjured) 
while other microorganisms experience nonlethal injury or 
death. The growth of many microorganisms ceases at
temperatures well above freezing (i.e.) mimimal growth
temperature for thermophiles is 40° to 4-5°C)} however) -8°C 
is considered the minimum growth temperature in frozen foods 
(Hall) 1979). The growth of all microorganisms ceases when 
the medium surrounding them freezes (ICMSF) 1980a). 
D estruction of bacteria is reported to be most rapid in the 
range of -1° to -5°C ( H a i n e s s 1938). Lethal e ffects of these 
temperatures are possibly due to denaturation of cellular 
proteins) as a consequence of solute concentration and pH 
change within the bacterial cell. In frozen storage) higher 
temperatures) in the range of -2° to -10°C) are reported to 
be more lethal than temperatures of -15° and -30°C (Hainesj 
1938).
Thawing frozen foods also influences survival of
bacteria. In four species studied) Gebre-Egziabher et a l . 
(1982) observed slow thawing to be significantly more 
destructive to microbial cells than rapid thawing. This
phenomenon could be a result of cell b u r s t i n g ? that occurs 
when high ionic concentrations within cells (increased 
during formation of relatively pure intercellular ice 
crystals in the freezing process) absorb excessive water 
upon thawing (Rogers and Binsted? 1972).
Product quality (safety and utility)-, as indicated 
by microbiological analysis
One indication of product safety is the presence or 
absence of bacterial indicators of contamination from human 
(e.g. Staphylococcus a u r e u s ) or fecal (e.g. fecal coliforms 
or E. c o 1 i) origin. When these indicator organisms are found 
in excessive numbers? or in conjunction with high aerobic 
plate counts? a potential health hazard exists. This is 
caused by the possible presence of pathogenic organisms (or 
their toxins) associated with the indicator bacteria.
Susceptibility to injury and death during freezing? 
frozen storage? and thawing varies with the organism and 
conditions applied (ICMSF? 1980a). Haines (1938) observed 
mortality rates of different bacteria and spores? quick 
frozen at -70°C? to range from 80*/. in some bacteria? to none 
in spores. Temperature (-70° to -5°C) and rate of freezing 
had little effect on survival within a species. Differential 
sensitivity among organisms to frozen storage temperatures 
of - 1 ° ? -2°? -5°? -10°? and -20°C also was observed as
indicated by mortality rates. Relative survival rates among
organisms always followed the same patterns indicating a 
similar resistance in an organism to freezing or frozen 
s t o r a g e .
The distribution of viable organisms in a thawed 
product could differ from those in the fresh product because 
of differential sensitivity to effects of freezing and 
thawing. Consequently? microbiological analysis of a frozen 
product may not be indicative of original product quality. 
Microbial "survivors" will include the most freeze resistant 
components of the initial population. Gram-negative 
organisms? such as Escher ich i a ? Pseudomonas ? Salmonella ? and 
Vibr io ? are more sensitive to freezing than are
gram-positive organisms? such as Bac i 1lus ? Clostr id i u m ? 
S t a p h y l o c o c c u s ? and S t r e p t o c o c c u s . Some foods? such as 
prepared meals? have been shown to provide a level of 
protection from the harmful effects of freezing on enteric 
pathogens and certain gram-negative organisms (ICMSF? 
1980a) .
Freezing food does not eliminate the potential
transmission of all foodborne pathogens when thawed products 
are consumed. Greater sensitivity to freezing of an 
indicator organism? such as Escher ich i a co 1 i ? could
potentially result in a health hazard in some frozen foods. 
Varga and Doucet (19840 found that freezing fresh fish at 
-30°C for ca. £4 hours resulted in a 75*/. reduction in fecal 
coliforms. Williams et al. (1980) observed a significant 
reduction of coliforms and E. c o 1 i in ground beef after 4
and 11 days of frozen storages while the aerobic plate count 
<35°C) remained essentially unchanged. The absence of 
detectable E. c o 1 i in a frozen product does not necessarily 
mean that enteric pathogens are not present (Mossel, 1967; 
Silliker and Gabis, 1976). On the other hand) the presence
of non-E. c o 1 i fecal coliforms does not necessarily indicate 
that fecal contamination has occurred) but E. c o 1i has not 
survived frozen storage <S p 1ittstoesser et a l .> 1982).
The microbiological quality of a fresh or frozen 
fishery product is generally a useful indicator of its 
utility and safety. High aerobic plate counts (A F C ’s) are 
commonly indicative of poor handling practices) inadequate 
sanitation procedures* or temperature abuse. This minimizes 
product utility* because the fresh shelf life is reduced. 
When high plate counts are a result of spoilage organisms 
growing in the product and producing high levels of enzymes* 
such as proteases and lipases produced by many species of 
P s e u d o m o n a s * frozen shelf life is also reduced. Hall and
Blanchard <1983 and 1984) and Hall and Alcock (1985) 
demonstrated that simply inoculating large numbers of
bacteria into foods prior to freezing was not adequate to
demonstrate activity of bacterial enzymes at low 
temperatures (-10° and -15°C). Growth of the organisms in 
the product was required to bring about quality changes 
associated with enzymatic activity during frozen storage.
Preserving fresh fishery products: 
delaying microbial spoilage
The c o n dition of seafood at the time of freezing has a 
major influence on the quality and shelf life of the frozen 
product. A number of preservation methods have been tried 
with various fishery products. Their functional aspects) 
alone or in combination, should be considered for use in a 
number of products. Potential for application will vary in 
different geographic regions, depending on technical, 
economic, and social factors.
Fresh fish are generally marketed raw, iced, and in a 
variety of processed forms (e.g. gutted, filleted), and 
packaging styles. Studies to find ways of extending shelf 
life have evaluated factors such as: effects of delayed 
icing (Barile et al. 1985a); the use of antioxidants (Sweet,
1973), antibiotics (Neal et al., 1977), and chemically 
treated ice or ice-water slushes (Fieger et al., 1956, 
Haraguchi et a l . 1969; Porter, 1984); storage temperatures
(i.e. iced at 0°C vs. chilled sea water at >0°C) (Barile et 
al., 1985b); UV irradiation (Huang and Toledo, 198S) or 
gamma irradiation (Liceiardello and Ronsivalli, 1982); and 
vacuum (Jensen et al., 1980; C l ingman and Hooper, 1986), or 
modified atmosphere packaging (Jensen et a l ., 1980). In
general, lower temperatures, combined with one or more of 
these other factors, can increase the shelf life of fresh 
fish. The use of these methods, however, has been limited
because of inadequate information concerning effectiveness 
and safety* available technology* or legal and/or consumer 
a c c e p t a n c e .
Most crustaceans are highly perishable and are best 
marketed live or cooked (whole or peeled meat). The 
exception to this is shrimp* which not only die rapidly upon 
removal from water* but many species (particularly marine 
forms) are more stable in raw* iced storage than other 
crustaceans such as crabs * crawfish * and l o b s t e r s . C h e m i c a 1 
treatments have been suggested to help preserve fresh iced
shrimp (Fieger et a l .* 1956)* while treatments such as
irradiation are being investigated for use in shellfish 
shelf life extension (Licciardello and Ronsivalli* 1982) and 
d e c ontamination (Van Cleemput et a l .* 1980; Wills* 1981).
Precooked crustacean products that may not be further cooked 
prior to con s u m p t i o n  introduce microbiological problems 
other than spoilage.
Heat processes such as steaming or boiling are intended 
to enhance peeling* as well as bring about desirable 
"crustacean" texture and flavors (Hanson and Aagaard, 1969; 
Dagbjartsson and Solberg* 1972). These heat p r ocesses should 
also result in a 100-fold r e d uction of bacterial counts 
(Greenwood et a l .» 1985), and have been shown to
significantly reduce plate counts* fecal indicator
organisms, and pathogenic organisms in crustaceans (Lovell, 
1968; Harrison and Lee, 1969; Lovell and Barkate, 1969;
Grodner and Novak, 1974; Wentz et al.* 1983; Marshall-
Moertle and Moody, 1905). When adequate heat treatments have 
been employed} the presence of microorganisms of public 
health concern and high numbers of bacteria arise 
principally due to recontamination and temperature abuse 
during further handling and processing. Ampola and Learson 
<1971) observed that minimal cooking times of blue crabs 
resulted in improved sensory quality of frozen crab meat, 
but posed potential public health problems due to higher 
bacterial numbers. To counter this problem, they recommended 
a 1/S hour depuration in S00 ppm chlorine, which was found 
to reduce the bacterial population by 95 - 99*/..
Considering potential health hazards in precooked 
fisheries products that could be consumed without further 
heat treatments, microbiological criteria specify limits for 
indicator organisms (e.g., E. c o l i ), certain pathogens 
(e.g., V. p a r a h a e m o 1vt i c u s , C . p e r f r i n a e n s , and 
c o a g u lase-positive S. a u r e u s ), and total plate counts 
(ICMSF, 1974; Cockey, 1983; NRC, 1985; ICMSF, 1986). Zero 
tolerances are established for some pathogens, such as 
S a l m o n e l 1 a (Cockey, 1983) and Shioella (NRC, 1985).
Microbiological quality of fresh and frozen 
fishery products
Fresh
The microbiological quality of live crawfish and 
commercially peeled meat has been evaluated by Lovell (1968)
and Grodner and Novak (1974). The incidence of several
pathogenic organisms of public health significance was low 
(Salmonella and coagulase-positive S. a u r e u s )> or not
detected (Shipel 1 a » C. botulinum type E). Indicators of 
fecal contamination were high) however) with fecal 
streptococci and high numbers of E. coli (30*/* >1100/g and
6 6 ’/. >100/g) being present in 7 5 ’/. and 9 1 ’/.) respectively) of
67 samples. Scalding crawfish in 212°F water was shown to
Q  Q
reduce initial plate counts of 2.0 x 10 CFU/g to 9.6 x 10
CFU/g in five minutes. Lovell (1968) suggested five minutes
to be an adequate scald t i m e 9 relative to initial cooked
meat bacterial quality and subsequent ice-chilled shelf
life. The latter was found to maintain excellent
organoleptic quality through 21 days of storage. Bacterial
plate counts were not valid at 21 days (due to
contamination)) however 9 day and 30 day counts were 3.5 x
3 810 and 8.7 x 10 , respectively. Since all plate counts were 
done at 35°C) these results are not indicative of numbers of 
p sychrotrophic b a c t e r i a 5 which are the predominant spoilage 
organisms in ice chilled seafood products. While
psychrotrophic counts are generally negligible on fishery 
products from of tropical waters) as observed in scampi by
Bremner (1985)) these organisms become dominant during cold
storage (Liston) 1982; HobbS) 1983). Wentz et a l . (1983)
observed substantially higher aerobic plate counts (A P C ’s) 
at 30°C than at 35°C in chilled blue crab meat) clams) and 
oysters at the retail level. Furthermore) M akarios-Laham and
Levin (1984) found p s y c h r o p h i 1ic organisms in haddock tissue 
with maximum growth temperatures of <20°C. The involvement 
of p s y c h r o p h i 1es in spoilage is uncertain, but the ICMSF 
(1980a) has indicated that their contribution is 
insignificant. Numbers of psychrotrophic bacteria are 
considered a more accurate reflection of incipient spoilage 
in refrigerated or ice chilled fishery products (ICMSF, 
1986).
Lovell (1968) also conducted a survey of bacterial
quality of crawfish meat from processing plants. Twenty 
three samples from 1966 and nine from 1967 indicated a need 
for considerable improvement in reduction of plate counts, 
as well as E. co 1 i , fecal streptococci, and coagulase
S
positive staphylococci. Plate counts ranged from 8.7 x 10 
to 7.0 x 107 and 3.1 x 10^ to 5.3 x 106 in 1966 and 1967 
samples, respectively. Of these, 35*/. and 56*/., respectively, 
were over 1.0 x lO^5 (rejection level in many microbiological 
criteria). In these same years, coagulase-positive 
S t aphylococcus was found in 87*/. and 100’/» of samples, and E.
cql_i was present in 5 0 ’/. and 89*/, of samples (where 15*/. and
44VJ, respectively, contained >100/g). Since the crawfish
heating process would have destroyed most naturally 
occurring v e g etative organisms of this type, high numbers of 
bacteria of public health significance, in this case, 
indicated a high degree of human contamination.
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Frozen
Due to the high perishability of fishery products and a 
growing consumer demand for high quality frozen foods, there 
is increasing interest in the effects of freezing and frozen 
storage on the microbiological quality of seafoods. Although 
Lovell <1968) conducted some frozen storage studies of 
crawfish meat, no microbiological analyses were made. 
H o w e v e r , pertinent freezing and frozen storage studies have 
been done with other crustaceans.
Greenwood et a l . (1985) observed that freezing
crustaceans may result in a 10-fold d ecrease in total 
microbial counts. Effects of different freezing methods on 
the survival of psychrotrophic and mesophilic bacteria in 
shrimp were observed by Aurell et a l . (1976). Shrimp were
frozen by means of a plate freezer, aii— blast tunnel, or
liquid freon freezant (LFF) process. Mesophilic bacterial
o A-
counts <37 C), initially l.A X 10 /g were reduced by about
40*/. in all freezing treatments. Psychrotrophic bacterial
counts <S2°C) were reduced by approximately 50% with use of
the plate freezer or air blast tunnel, but remained
practically unchanged when using the LFF-process.
C hattopadhyay et al. (1983) found decreased bacterial
survival in prawns when frozen with liquid n itrogen <lNg),
compared to plate freezers. Although the types of bacteria
present may have contributed to the conflicting results of
these two studies, more information is needed on the effects
of freezing on bacterial survival in foods.
Several studies have evaluated effects of frozen 
storage on survival of bacteria. Mijayama and Cobb (1978) 
evaluated frozen storage stability, at - 2 0 ° C , of pond raised 
freshwater prawnsj M. r o s e n b e r o i i , prepared in six different 
ways (vacuum packed or glazed; raw tails, whole, or whole- 
hepatopancreas removed). Significant decreases in counts 
were observed as a result of storage time, but not as a 
result of treatment. Initial bacterial counts of 3.2 X 10^ 
to 1.0 X 10^, were reduced to 3.2 X 10^ to 3.S X 10^, after 
9 months of storage. While vacuum and glazed products of 
different treatments had similar initial counts with respect 
to treatment, after 9 months of frozen storage, all vacuum 
packed treatments maintained higher bacterial counts than 
did their corresponding glazed treatments. Hale and Waters
(1981) also evaluated fro z e n  storage stability of pond 
raised freshwater prawns, M. r o s e n b e r o i i . Samples of raw or 
cooked whole prawns, and raw tails, were blast frozen, 
glazed, packed in waxed cartons, sealed in freezer bags, and 
stored at -20°C. Analyses were performed at zero time, and 
after 1 , 3 ,  6, and 9 months. Microbial analyses included
aerobic plate count (APC) at 35°C (48 hours) and 22°C (5
days), c oliform and E. c o 1 i most probable number (MPN), and 
Salmonella (presence or absence). Bacterial plate counts and 
coliform counts decreased s teadily throughout storage. E . 
c o 1i and S a l m o n e l 1 a were not detected. Maxwel1-Mi 1 ler et a l .
(1982) found that A P C ’s we r e  essentially unchanged in 
scallops stored 5 months at -18°C. Gates et a l . (1985)
observed decreases in aerobic plate counts/g in the order of 
1 log throughout 13 months of frozen storage of breaded 
shrimp in one w h olesale and two retail freezers. 
Temperatures of the retail freezers reached a minimum of 
<-£0°C? with 1E-18°C daily fluctuations. The wholesale 
freezer temperature was <-EO°C? with maximum daily 
temperature flu c t u a t i o n s  of £-3°C. Total coliform (MPN) and 
c oagu l a s e - p o s i t i v e  staphylococci (MPN) counts also were 
monitored. Although mean freezer temperatures and amount of 
temperature fluctuations varied? no consistent
microbiological differences could be attributed to either of 
the storage conditions.
Enzymatic factors
V
Enzymatic spoilage of fishery products
Spoilage in f i sheries products? initially caused by 
endogenous enzymes? is a major quality problem in a number 
of finfish and shellfish species. Enzymes contribute to 
problems such as melanosis ("black spot") in crustaceans? 
and lipolysis (hydrolysis of t r i a c y l g l y c e r o 1s and 
phospholipids) in finfish and crustaceans. Proteolysis? 
observed as the softening of muscle tissue? also is a 
problem in finfish and crustaceans. Enzymes? thought to be 
responsible for these tissue changes? have been demonstrated 
to occur endo g e n o u s l y  in finfish tissues (Su et al.? 1981)
and in the digestive fluids of crustaceans (Vonk? 1960). 
Certain bacteria? such as Clostr id ium and P s e u d o m o n a s ? can 
produce significant amounts of proteases (Bernal and 
Stanleyj 1968)? thus excessive growth of such bacteria in 
fishery products could have adverse effects on texture.
Many enzymes which contribute to spoilage of fishery 
products are not adequately identified or c h a r a c t e r i z e d ? 
thus complicating efforts to minimize their negative 
effects. Enzyme activity in fresh? raw? or blanched fishery 
products is affected by temperature? as well as processing 
methods such as washing? cleaning? heading? and gutting. 
Endogenous enzymes become inactive after sufficient heating 
of the product. Residual enzyme activity? however? may 
contribute to eventual spoilage in fishery products held at 
temperatures commercially employed for chilled and frozen 
s t o r a g e .
Proteolytic enzymes
Intramuscular
Proteolytic enzymes? such as cathepsins? associated 
with muscle tissue have been demonstrated to contribute to 
spoilage of fish (Siebert? 1962). Ting et al. (1968) 
partially purified what was apparently two cathepsins from 
salmon muscle tissue. These enzymes? which hydrolysed and 
denatured hemoglobin? had optimal activity at pH 3.7? and 
two minor optimal p H ’s at 7.0 and 8.5.
Fish muscle tissue enzymes with different properties 
than cathepsins have been implicated in textural problems in 
minced fish gels. Makinodan et al. (1963) suggested that an 
alkaline protease was causing softening of fish muscle paste 
when processed around 60°C, but not at 30° to ^0°C or 70°C. 
In further research, Makinodan and Ikeda (1969) determined 
optimum activity of the enzyme to be at pH 8.0 and 65°C. 
Cheng et a l . (1979) observed thermal effects (heating rate
and final temperature) on fish gels made from Gray trout 
(Cvnoscion regal i s ) and Atlantic croaker (Micropoaon 
u n d u l a t u s ). Changes in muscle tropomyosin and myosin were 
thought to be caused by proteolytic factors in the 
sarcoplasm. Indeed* a calcium-activated proteolytic fraction 
was isolated with optimum activity at 60°Cj pH 8.0 - 8.5*
and a calcium ion concentration of 1 m M . Deng (1981) 
reported tenderizing of mullet muscle during heating, with 
optimum activity occurring at 65°C and pH 8.0. It was 
suggested that this softening could be attributed to 
alkaline protease activity (hydrolysis). Lin and Lanier 
(1980) reported an alkaline protease from the skeletal 
muscle of Atlantic croaker. The enzyme was heat stable, 
degraded fish actomyosin at 50° - 60°C in vitro* and was not 
calcium activated. Lanier et a l . (1981) correlated the
strength of a gel made from Atlantic croaker with activity 
of an alkaline protease at temperatures around 60°C. Su et 
al. (1981), looking for sources of alkaline protease in 
Atlantic croaker, found it present in the sarcoplasmic
EE
fraction, skin, and internal organs. Similar properties were 
observed in protease isolated from all points of origin, 
while that from the internal organs demonstrated the highest 
activity.
Digestive tract
Enzymes associated with the digestive tract also have 
been associated with spoilage of fishery products. 
Proteolytic digestive enzymes in the guts of finfish have 
been associated with the spoilage and b r e akdown of 
surrounding muscle tissue. The resulting condition is 
generally referred to as "belly burn" and "belly bursting." 
Muscle tissue of capelin was shown by Hjelmeland and Raa 
<1980) to resist hydrolysis caused by digestive enzymes, 
such as trypsin, that can exude from the belly cavity. This 
protective action was attributed, in part, by the presence 
of enzyme inhibitors in the sarcoplasmic fra c t i o n  of the 
muscle tissue.
Proteolytic enzymes from the digestive tract also have 
been associated with spoilage problems involving softening 
of muscle tissue in crustaceans. Frequently implicated as a 
source of these enzymes is the h e p a t o p a n c r e a s , so called 
because to a great extent it fulfills the role of a liver in 
vertebrates, while i t ’s enzyme secreting function is 
comparable to that of a v e r tebrate pancreas (Huxley, 1880; 
V o n k , 1960). In addition, it carries out a significant 
portion of primary food absorption (Vonk, 1960), an activity
performed by the small intestine in vertebrates. Almost all 
crustaceans have a hepatopancreas* consisting of one or more 
pairs of glandular appendages* located in the mid gut (Vonk) 
I960). Huxley (1880) described the appearance and function 
of this gland in crawfish in great detail.
At least two types of digestive enzymes* trypsin and 
collagenase, have been implicated in the occurrence of 
textural problems in M acrobrachium r o s e n b e r o i i . The presence 
of trypsin was determined by Lee et al. (1980)* in a 
quantitative analysis of digestive e nzymes in the 
h epatopancreas of pond raised freshwater prawns* M. r o s e n - 
beroi i . Their goal was to determine if the o m n ivorous prawns 
could effectively utilize a commercial ration. Activity of 
ten enzymes was demonstrated* including amylase* trypsin* 
c h y m o t r y p s i n * pepsin* carboxype p t i d a s e  A and B* leucine 
aminopeptidase* and lipolytic enzymes. It was observed that 
M. rosenberoi i is appropriately classed as an omnivore.
The presence of collagenase* an enzyme that breaks down 
the native structure of collagen* a constituent protein of 
animal tissues* was absent from the list of Lee et a l . 
(1980). This would not be expected of an omnivore. Indeed* 
other researchers have isolated c o 1lagenolytic enzymes from 
the hepatopancreas of the prawn* M. rosenberoii (Baranowski 
et al.* 1984; Nip et al.» 1985a) and a crab* Uca puailator 
(Eisen and Jeffrey* 1969).
Musc le tissue textural problems in crust aceans
Influence and characteristics of endogenous enzymes
M. rosenberoi i * a tropical freshwater prawn* has 
c onsiderable potential for intensive aquaculture. 
Postmortem texture deterioration of fresh-iced* or 
previously frozen-iced prawns* however* has affected value 
and marketability. This texture problem* which develops 
w ithin 48 hours of iced storage* is described as a mushy* 
soft* or chalky texture of the cooked product (Rowland et 
al.* 1982). A similar situation with beef* in which it 
d isintegrates on cooking* has been associated with too few 
crosslinks in collagen (Bailey* 1979).
Several researchers have investigated textural problems 
encountered in iced or frozen storage of M. rosenberoi i . 
Mijayama and Cobb (1977) evaluated preparation methods (i.e. 
headed or whole* vacuum or glazed)* and -20°C frozen storage 
stability of M . rosenberoi i . Informal taste panels noted 
significant decreases in taste and moisture of samples 
w ithin 6 months of storage* while texture remained 
relatively unchanged for 9 months. Nip and Moy (1979) 
observed a significant d ecrease in firmness of fresh or 
f rozen-thawed M. rosenberoi i when stored on ice for 48 
hours. Hale and Waters (1981) also evaluated frozen storage 
stability of M. rosenbero i i at -20°C for 9 months. Firmness 
of raw tails and whole M. rosenbero i i increased
c o n s i derably at 3 months, relative to the standard reference
(raw tails stored at - A O ° C ), then became softer at 6 
months, while increasing in firmness again at 9 months. The
f
reference became somewhat firmer throughout the study. The 
whole raw or whole cooked M . rosenberoi i were softer than 
the tails. This difference was attributed to muscle tissue 
contact with hepatopancreatic enzymes in the whole prawns.
A histological study of AS hour iced M. rosenberoii 
tail muscle tissue was done by Rowland et a l . <1982) to find
evidence of proteolysis, thought to be responsible for 
development of texture problems. They suspected involvement 
of digestive enzymes, migrating from the h e patopancreas and 
the vein, which extends the length of the tail on the dorsal 
surface and is also involved in digestion. In one treatment, 
whole M. rosenberoi i were stored after the hepatopancreas 
had been ruptured with a knife. Proteolytic activity, as 
indicated by loss of z-line structure and gapping in the 
sarcoplasm between myofibers, was observed in muscle tissue 
samples from this treatment. In another treatment, M. 
rosenberoii heads were removed and all h e p a t o pancreas tissue 
was washed off, while veins were left intact. Tissue samples 
with this treatment away from the vein showed an intact 
z-line structure and little separation of myofibers. There 
appeared to be slightly increased proteolytic activity in 
tissue near the vein, observed as slight separation between 
myofibers. Another treatment was of headed washed and 
deveined M. rosenberoi i , injected with trypsin. Samples of 
muscle tissue had complete loss of z-lines, and
disorganization of myofibers similar to samples stored with 
heads on and ruptured hepatopancreases) suggesting that a 
proteolytic enzyme system was responsible for softening in 
M . rosenbero i i .
Baranowski et al. (198^) investigated the nature of 
proteases from M. rosenberoi i in a crude hepatopancreas 
extracts in effort to determine what enzymes were 
responsible for structural and textural changes occurring in 
prawn muscle tissue in ice-chilled storage. Activities of 
several types of enzymes were found in the extracts 
including c o 11agenolytic and t r y p s i n o l y t i c . When testing 
commercial enzymess only collagenase was found to 
significantly degrade prawn tissues suggesting that the 
collagenolytic activity demonstrated in the hepatopancreas 
extract may be a cause of textural changes observed. Nip et 
al. (1985a) later characterized this collagenolytic 
fractions demonstrating o ptimum activity at 37°C and pH 6.5 
to 7.5. Activity was also present at 0°C, suggesting the 
possibility that this enzyme could be responsible for 
texture changes during ice-chilled storage. Nip et al . 
(1985b) tried purging prawns for 18 hours to minimize 
observed ice-chilled textural problems. No significant 
relief was obtained.
Influence and c h a r a c t eristics of collagen
The possibility that M. rosenbero i i collagen could 
enhance enzymatic b r eakdown of prawn collagen and subsequent
textural problems was investigated by Nip et a l . (1981).
Their work showed some characteristics of M. rosenbero i i
collagen that were atypical of other crustaceans? such as is 
found in white shrimp? Penaeus setiferous ? (Thompson and 
Thompson? 1968)? lobsters? and other crustaceans (Kimura et 
a l .? 1969). Nip et a l . (1981) studied the amino acid profile
of insoluble collagen of M. rosenberoi i and observed an 
absence of hydroxy lysine and a low g l y c i n e :imino acid ratio. 
They observed that these characteristics could have an
effect on the textural property of muscle tissue through
decreased stability in the triple helical structure. Kimura 
and Tanaka (1986)? used different methods to characterize 
“prawn collagen? and found its amino acid content to be 
similar to other crustaceans. They concluded that 
development of mushiness in cooked prawns? following cold 
storage? was not caused by unusual collagen characteristics.
P reservation of optimum texture Quality relative to 
proteolytic activity
Fresh and frozen preservation of crustaceans other than 
freshwater prawns also has been hampered by textural 
problems associated with digestive enzymes. A number of 
proteases have been demonstrated in the gastric juices of 
the American lobster? Homerus amer icanus (Brockeroff et a l .? 
1970)? and in a h epatopancreas extract of the rock lobster? 
Jasus lalandi i (Dlley et a l .? 1973). Digestive fluids of a
number of decapod crustaceans have all demonstrated
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proteolytic activity (Vonk, 1960).
The freezing of raw crustaceans, such as crabs and 
lobsters, is in some cases desirable. Such products can 
develop textural problems in muscle tissue near the 
hepatopancreas, however, and it is difficult to remove the 
meat from the shell after cooking. Consequently, some 
cooking before freezing is preferable (Altenburg, 1950; 
Hanson and Aagaard, 1969). A minimal blanch time is often 
necessary to avoid weight losses of up to 25% that can occur 
in fully cooked lobsters and crabs (Reay and House, 1951; 
Gillespie et al., 1983). This also has been shown to produce 
better textural quality in frozen lobsters (Getchell and 
Highlands, 1957; Dagbjartsson and Solberg, 1972; Badonia. 
1981) and crabs (Cook and Lofton, 1979; G i llespie et a l ., 
1983).
Several processing factors, in addition to blanching, 
have been shown to influence textural quality of minimally 
heat-processed crustaceans. These include overnight 
starvation prior to the killing of lobsters (Wessels and 
Olley, 1973) and crabs (Gillespie et al., 1983) and use of 
killing methods that avoid disruption of internal organs 
which release digestive enzymes into the body cavity 
(Gillespie et a l ., 1983). After blanching, disturbance of
viscera (by carapace removal and vacuum evisceration) and 
delays prior to freezing, adversely affect body meat texture 
(Gillespie et a l ., 1983).
Texture and related qualities of seafoods
Basis of texture in muscle foods
The texture of muscle tissue is considered to be a 
primary quality attribute* and is largely dependent on the 
c ondition of its major components* muscle fibers (i.e., 
actin and myosin) and connective tissue (i.e.* collagen). 
Muscle tissues of land animals and aquatic animals differ 
with respect to these components, due in part, to 
requirements for body support and motility.
Land animals require an extensive and strong network of 
connective tissue to support the complex muscle system. The 
collagenous connective tissue forms crosslinks to provide 
strength. In land animals* the turnover time of collagen is 
very long* thus, in older animals collagen becomes tougher 
due to the accumulation of crosslinks with increasing 
stability. This also increases the thermal stability and 
decreases solubility of the collagen. On the other hand, the
c ontractile elements actin and myosin have about a IE day
turnover, and do not become tough due to "old" age (Bailey,
1 9 7 E ) . However, they do toughen as a result of post mortem
conditions, due to cont r a c t i o n  during rigor mortis.
The dominant factors affecting the tenderness of meat 
from land animals are thought to be the age of the animal 
and degree of cross linking in collagen, as well as the 
state of c o n t raction of muscle fibers resulting from post
mortem handling. Consequently, these factors are the ones 
most extensively researched regarding meat texture. Red meat 
is quite stable to the effects of freezingj and may even 
become more tender as a result. Since the effects of 
freezing meat are not considered to seriously impact 
textural quality* the subject has not been researched as 
extensively as has the effects of rigor on texture.
The texture of fish and crustacean muscle tissue is 
dependent on different factors than that of red meat. 
B ecause of their aqueous environment* aquatic animals do not 
require the extensive* strong network of connective tissue 
of land animals. Fish muscle contains less connective tissue 
than does muscle from land animals* along with different 
structural c h a r a c t e r i s t i c s . The collagen in aquatic animals 
is s ignificantly less crosslinked than that of land animals* 
due in part to a lower h y d r o x y p r o 1ine and proline content. 
The decreased level of crosslinking in collagen gives it a 
greater solubility and lower temperature stability. Fish 
collagen is readily soluble by normal cooking procedures and 
is generally an insignificant factor in the texture of 
cooked products (Dunajski, 1979; Hultin* 1985). 
Consequently, it is the texture of muscle fibers that 
c o n t ribute most sig n i f i c a n t l y  to the texture of fish and 
crustaceans (Dunajski, 1979).
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Factors that modify the texture of muscle tissue
Innate factors
Since tougher fish have been observed to have a shorter 
cold-storage life than tender ones (Kelly, 1969), the
following factors affecting the textural qualities of 
fishery products should be of interest to processors. 
Factors reported to affect the texture of fish and 
crustaceans include s p e c i e s , a g e , size (within a species)j 
nutritional state, and post mortem factors, such as
glycolysis, rigor mortis, pH, and temperature of storage and 
cooking (Dunajski, 1979).
Muscle fibers in fish are relatively short, not 
exceeding about 13 mm, even in large fish (Dunajski, 1979). 
This is more impressive considering that muscle fibers 3^ cm 
in length have been observed in an adult human (Bailey, 
1973). Diameter of muscle fibers in fish is mainly dependent 
on species, age, and muscle function. Again, considerable 
differences exist between aquatic and land species. The
diameter of a large muscle fiber in an adult fish, such as a
95 cm cod, range from approximately 150 - 300 ^m (Love,
1958). The numbers of muscle fibers do not change in 
postlarval crustaceans, so muscle growth is entirely a 
factor of individual fibers increasing greatly in size. 
Indeed, the diameter of muscle fibers in crustaceans can 
become comparatively huge, such as the 4 mm fiber observed 
in Alaskan king crab (Atwood, 1973). The size of fish has
been shown to affect texture, where in general, larger fish 
are tougher than smaller fish (Love et a l ., 1974). This is
presumably due in part to increased length and diameter of 
muscle fibers (Love, 1958), which results in an increased 
coarseness in muscles (Dunajski, 1979). Again, differences 
between land animals and fish are seen in the aging process 
relative to collagen. As fish age, collagen content 
increases, but becomes less cross linked, contrary to that 
reported for land animals <Hu 11 i n , 1985).
Nutritional status of aquatic species affects texture 
in several ways (Love et a l ., 1974; Dunajski, 1979).
Reproductive cycles and food availability affect the amount 
of water, protein, and fat in muscle tissue. During spawning 
or lack of food, depletion of muscle tissue causes increased 
water content and decreased protein and fat. These changes 
vary with fishing grounds and seasons, and affect texture 
and mouth feel (Love, 1964 and 1975). If pH of the tissue is 
not altered by the depletion process, texture is not 
necessarily affected (Love et al., 1974); thus, pH appears 
to be one of the dominant factors affecting muscle texture. 
Feeding and nutritional status of the animal can also affect 
pH of muscle tissue during rigor through its effect on 
glycogen reserves.
Other researchers have found pH to influence fish 
muscle texture. Lower pH levels were associated with tougher 
fish muscle (Cowie and Little, 1966; Kelley et al., 1966; 
Connell and Howgate, 1968; Love et al. 1974; Dunajski,
1979). Natural pH levels of live species and the subsequent 
alterations that occur during post mortem rigor have been 
reported to affect texture of muscle tissue. Dunajski (1979) 
observed that an increased toughness occurs in fish muscle 
tissue with a d ecrease in pH, particularly below 6.7. Above 
this value, a gradual decrease in the effect of pH on 
texture occurred.
The pH of fish flesh is usually neutral at death, but 
proceeds to drop post mortem as lactic acid is produced from 
anaerobic glycogen degradation. As the isoelectric point of 
the myofibrillar proteins is approached, ionized negative 
groups become neutralized. The decrease in number of 
unipolar charged groups results in a decrease in repelling 
forces and a tightening of the protein structure. 
Consequently increased cooking loss occurs with 
concentration of myofibrillar proteins. The results are 
reflected in a dryer, tougher product (Dunajski, 1979). It 
was postulated that dryness or juiciness would probably 
change in the same manner as affected by pH. Love et al. 
(1974) demonstrated with correlation coefficients and 
regression analysis that water content had a variable 
influence on texture of cod, but its impact was always much 
less that that of pH.
Processing factors
Hand 1 i n a ■ When aquatic species are transferred to the 
processing plant, several factors will affect texture of the
processed product. Lower storage temperatures result in a 
slower development of rigor. Increased shortening and a 
tougher texture of raw and cooked cod muscle was observed 
when stored at 18°C rather than at 0°C (Dunajski? 1979). In 
general? fish stored on ice becomes toughest within 1-2 days 
post mortem. This coincides with the lowest pH levels and 
maximum contraction of muscle fibers during rigor. The 
tissue becomes more tender as rigor resolves. In addition? 
fish muscle removed from its skeletal support before rigor 
is tougher when cooked following resolution of rigor? than 
that which remained attached to the skeleton throughout 
rigor. This differential effect diminishes with storage 
t i m e .
Heating or c o o k i n g . The texture of cooked tissue is 
greatly affected by the pr e c i s e  time during this post mortem 
period that it is cooked. Cooking pre-rigor tissue causes 
rigor to develop so rapidly that contraction cannot be 
avoided. Delaying cooking until rigor is in progress will 
result in a more tender fish? due to a partial resolution of 
rigor? cooking after r e s olution of rigor will produce the 
most tender fish (Dunajski? 1979).
Maximum muscle contraction? that can occur during the 
cooking of pre rigor fish muscle? does not always take 
place. Dunajski (1979) observed this phenomenon? concluding 
that more e x tensive c o n t r a c t i o n  of the pre rigor tissue 
increased toughness up to a point? further contraction 
resulted in structural da m a g e  and a more tender muscle
t i s s u e .
Textural changes associated with heating or cooking of 
muscle tissue is due to a combination of factors. A general 
pattern of toughening followed by tenderizing occurs?
resulting from toughening of myofibrillar tissues followed 
by softening of collagenous connective tissue. Texture 
(i.e.j shear force) - temperature relationships have been 
observed in red meat (Bouton et al.? 1981) as well as in 
fishery products ( D u n a j s k i ? 1979). Dunajski and co-workers
(1979) reported this relationship to be pH-dependent in cod. 
The influence of temperature was observed to be greater at 
lower pH values and negligible at neutral or slightly
alkaline values.
In red meats? collagen becomes more highly crosslinked 
(i.e. tougher) and more thermally stable with age. Cooking 
and the subsequent melting of collagen is an important 
factor in meat tenderness. Spec i f i c a l l y ? tenderness is 
enhanced by b r eakdown of collagen? a process that begins at 
about 50°-60°C? depending on the a n i m a l ’s age (Hultin?
1985). Col l a g e n  is not considered a significant textural
factor in cooked fish muscle tissue? because of its lower 
thermal stability (Love et a l .? 1974). Fish collagen is
readily broken down under normal minimal cooking procedures. 
Fish collagen b ecomes solubilized at approximately 60°C? 
therefore? textural changes occurring above this temperature 
are thought to be associated with myofibrillar changes.
Collagen b r e akdown occurs at a lower temperature in cold
water than in warm water species (Dunajski, 1979).
D enaturation of muscle tissue, such as during cooking, 
also decreases water holding capacity, causing free water to 
be expelled (Hultin, 1985). The free water increases the 
perception of juiciness, which is closely related to 
tenderness. Prolonged heating causes a loss of this water 
and eventual drying of the product.
F r e e z i n g . Freezing has long been considered an 
excellent means of preserving meat. The effectiveness of 
freezing preservation stems from a dehydration of tissue as 
water is converted to ice, and from the d ecrease in storage 
temperature (Hultin, 1985). Freezing can cause changes in 
muscle tissue that affect the frozen shelf life as well as 
the quality of the thawed product. Main factors thought to 
be involved in observed changes include size and location of 
ice crystals formed, concentration of salts and other 
components of the water phase, and the concomitant change in 
pH (Hultin, 1985).
Freezing rate is considered to be the most important 
factor influencing changes incurred during the freezing 
process. Freezing rates for foods were categorized by 
Ciobanu (1976) as: slow freezing, <0.2 cm/hr; deep freezing, 
0.5-3 cm/hr; rapid freezing, 5-10 cm/hr and ultrarapid 
(cryogenic) freezing as >10 cm/hr.
Rasmussen (1972) noted that of the muscle foods, fish 
and seafoods are the most sensitive to freezing rate. It has 
been generally considered that faster freezing always
results in a higher quality thawed product. This is based on 
histological studies of cellular damage resulting from ice 
crystal formation and drip exuded from the thawed product. 
These changes are not always recognized in the p r o d u c t ’s 
sensory quality* e.g.* color* texture, flavor, and 
moistness. In addition* products such as red meats, fish, 
fruits, and vegetables respond differently to freezing 
r a t e s .
Several changes often observed in frozen or thawed 
foods are initiated during the freezing process. The extent 
of these changes can be influenced by the freezing rate. The 
occurrence of drip has long been associated with frozen 
foods. In meats, a direct correlation was assumed to exist 
between the drip and textural changes, e.g., toughness and 
stringiness. The development of rapid, i.e., cryogenic, 
freezing methods has demonstrated that a higher drip loss 
does not necessarily result in a noticeably tougher cooked 
product <J u l , 1984).
Jul <1984) noted three factors associated with drip, 
including internal pressure, freezing rate, and crystal 
formation. Theories involving internal pressure suggest that 
as a shell freezes on a product, e.g., a large section of 
meat, pressure builds up inside when expansion from 
continued freezing is restrained. Rupture in the product 
releases the pressure but causes drip loss in the thawed 
product. Jul (1984) considered this factor generally to be 
of little significance, noting that water freezes out
gradually and tissue remains elastic for some time.
Freezing rate has been associated with quality of
frozen food, perhaps originating with the work of Plank et 
a l . (1916). They conducted studies on the quality of fresh
fish frozen by the "Ottesen" method of quick freezing in
rapidly circulating -17°C brine, vs. traditionally frozen 
fish, still-frozen at -7°C. A better quality frozen fish was 
obtained with the quick freezing process. Jul (1984) 
commented that the quality of the raw products used probably 
influenced differences in quality of the end product more 
than acknowledged. Typically, in that day, fish that did not
sell as fresh were “conventionally" frozen for later sale.
Not only had they already undergone autolytic or 
microbiological deterioration, but the freezing process used 
was often very slow, i.e., boxes of fish stacked in a room, 
allowing for further product deterioration during the 
lengthy freezing process. The work leading to the theory on 
high quality obtained from quick freezing had some 
mitigating factors which complicated interpretation of 
r e s u l t s .
The association of ice crystal formation during the 
freezing process with product quality and drip loss also was 
noted by Plank et al. (1916). They conducted histological 
studies on fish tissue frozen by the Ottesen method and 
other faster or slower methods. The tissue samples studied 
were fixed in the frozen state, sliced, stained, and 
examined in a conventional way. Holes in the tissue were
assumed (correctly so, as indicated by later research) to be 
the location of ice crystals. Rapid freezing was observed to 
cause formation of small intra- and intercellular ice 
crystals. However, when compared to rapid freezing, slow 
freezing caused a greater amount of disorganization, 
dissociation, and rupture of cells. Structural differences 
due to different freezing rates also were observed by 
Nusbaum (1979), Piskarev et a l . (1971), and Coleman et a l .
(1986). Reuter (Plank et a l ., 1916) concluded that less
structural damage would result in reduced change in taste 
and texture, due to freezing (Jul, 1984). This was observed 
by Sebranek et al. (1978) and Nusbaum (1979), who related 
improvements in palatability of more rapidly frozen ground 
beef patties to less structural damage. Similar structural 
improvements were observed in the tissue of crab and shrimp, 
by Giddings and Hill (1978), and blue crab, by Coleman et 
al., (1986). It was thought that frozen products, with 
decreased alteration in physical appearance, would have 
correspondingly less change in sensory quality of any 
prepared ready-to-eat product.
Observers of the investigations of Plank et al. (1916) 
concluded that less drip loss would occur in rapidly frozen 
products. However, ruptured cells were observed in the 
interiors of larger pieces of rapidly frozen (i.e., brine) 
product, but not in slow frozen products, in which crystal 
formation was mostly intercellular. It was suggested that 
ruptured cells (rapid freezing) may lead to greater drip
loss than distorted cells (slow freezing)) that could 
potentially allow water to be reabsorbed during thawing. 
Later studies demonstrated that ruptured cells have actually 
decreased drip loss in frozen muscle tissues) due to release 
of myofibrillar proteins which serve as effective water 
binders (Jul) 1984).
In spite of the fact that Plank et a l . (1916) stated
that the majority of changes in a frozen product develop 
during frozen s t o r a g e, and are not due to the freezing 
process) the idea persists that changes in microstructure 
are reflected in palatability of thawed tissue (Jul) 1984). 
The belief that there is an intimate connection between 
quick freezing) small intracellular ice crystals) and high 
quality frozen products is still maintained by individuals 
in government) industry) and scientific circles. Many 
studies fail to show a difference between rapid and moderate 
freezing rates ( J u l 5 1984). A connection between ice 
crystals and product quality does exist. However) the 
superiority of rapid freezing has not always been 
demonstrated in the thawed product) particularly for the 
reasons given> e.g.) t e x t u r e 5 moisture and flavor.
There does not appear to be a substantiated association 
between ice crystal size and location and resultant thaw 
drip and loss of quality in muscle tissues. However) protein 
denaturation has been clearly associated with the 
aforementioned quality factors (Shenouda> 1980). Protein 
denaturation is indicated by excessive drip loss) and is
often associated with texture changes. Protein denaturation 
may occur during freezing and is enhanced by slow freezing 
(Hultin, 1985). When muscle tissue is frozen s l o w l y > ice 
crystals form first in extracellular spaces. Because of a 
lower concentration of solutes this area has a higher 
freezing point. As the material is chilled further, super 
cooled intracellular water migrates to these ice crystals, 
where vapor pressure is lower. This results in forming large 
ice crystals and c o n c e n tration of solutes in the cells. The 
resulting high salt concentration and altered pH can 
denature proteins and reduce water holding capacity. When 
the tissue is maintained longer at higher subfreezing 
temperatures, dena t u r a t i o n  is enhanced. Deterioration 
characteristic of frozen s torage actually occurs more 
rapidly at -3° to -5°C, where a pproximately 60-80% of the
water is frozen, than at -1° to -S°C, where up to about 50%
of the water is frozen (Connell, 1975). The more rapid the
product is moved from 0° to -5°C, the better will be the
resulting quality. Connell (1975) suggested that when 
freezing fishery products, the 0° to -5° change should occur 
in < 5 to 10 hours. Hultin (1985) observed that loss of 
water holding capacity caused by p rotein denaturation, and 
mechanical damage to cells due to f o r mation of large ice 
crystals, are largely r e s p o n s i b l e  for exc e s s i v e  thaw 
e x u d a t e .
It is important to note that while the freezing process 
can directly affect the quality of many products, the
temperature and duration of frozen storage have a 
significant effect on the quality of a thawed product. 
Fennema (1968) ranked the freezing process as the third most 
important factor influencing quality of frozen food) behind 
frozen storage conditions and thawing methods. When fish is 
frozen properly, quality and yield advantages for different
types of freezing equipment are usually marginal (Connell,
1975). Little if any loss in quality results from the
freezing process itself.
Frozen storage
In general, fishery products do not suffer much quality 
loss as a consequence of the freezing process if it is done 
rapidly. However, significant deterioration has frequently 
been observed during frozen storage. Detrimental changes 
include development of off-odors and off-flavors as well as 
changes in texture, moisture, and appearance (Connell, 1975; 
Shenouda, 1980). These d eteriorative changes are due in part 
to the presence of enzymes. Enzyme activity is only
partially arrested by the reduced temperatures of frozen 
storage. Changes in texture and related quality 
characteristics, such as thaw drip and moisture content, are 
the most notable quality defects in frozen fishery products. 
Consequently, there has been considerable research into the 
mechanisms of these changes reviewed by Matsumoto (1979) and 
Shenouda (1980).
D e t e r iorative changes in color, flavor, and
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particularly textures during frozen storage a r e 5 for the 
most parts unsolved problems for fishery products. A major 
consideration in judging the quality of frozen seafood is 
texture. As a consequence of protein denaturation during 
frozen storages frozen seafood can change considerably from 
the fresh product (Dyers 1951; Shenoudaj 1980; Hultins 
1985). Shenouda (1980) described these texture changes as: 
"extra firmnesss t o u g h n e s s 5 springiness) s p o n g i n e s s 5 
stringinesss dryness s rubbery textures lack of succulences 
loss of water holding propertiess and loss of juiciness." 
Connell (1975) observed that frozen storage of fish may 
cause changes in the texture of the cooked product. He 
described the textural difference as changing from "the 
usual softs springlys moist succulence of fresh or recently 
frozen fish" to a texture that is "unacceptably firms hards 
fibrouss woodys spongy or dry." Connell (1975) also noted 
that " whereas little fluid can be expressed from raw fishs 
copious amounts exude or can be pressed out after frozen 
storage under poor conditions." These changes occur even in 
well-protected products. Poor packaging and/or glazing adds 
to texture d eterioration due to the drying action of 
"freezer burn." The latter leaves the product irreversibly 
dry and p o r o u s 5 typically described like "balsa wood" 
(Connell, 1975).
Under typical commercial conditions of frozen storage, 
some protein denaturation in frozen fish is unavoidable. 
Numerous factors are involved in protein denaturation and
can be grouped as those related to moisture* lipids* or 
trimethylamine oxide (TMAO) and the enzyme TMAOase 
(Shenouda* 1980).
Protein denaturation factors related to changes in 
moisture include formation of ice crystals* dehydration of 
protein molecules* and an increased salt concentration in 
the remaining unfrozen water (Shenouda* 1980). These 
denaturing conditions are initiated during the freezing 
process and continue to effect changes in muscle tissue 
during frozen storage.
Formation and growth of ice crystals causes pressure on 
the ultrastructure of tissue and serve to disrupt and 
compact muscle fibrils. It has been postulated that this 
promotes denaturation through formation of cross bridges. 
Dehydration of protein is thought to denature the three 
dimensional configuration of proteins by removing water 
molecules that mediate the stabilizing hydrogen bond 
network. Salt concentrations in unfrozen water of fish 
muscle tissue are increased roughly 1 0 -fold at commercial 
storage temperatures (-10° to - S 0 ° C ). At these temperatures* 
only about 90*/. of the water is converted to ice. Increased 
salt concentrations have been shown to denature protein 
through aggregation* or dissociation* caused by disruption 
of tertiary and quaternary macromolecule configuration. The 
stability of these structures depends on ionic* van der 
UJaals* hydrogen and hydrophobic forces, which become altered 
by increased salt concentration. All of these moisture-
related factors continue to denature fish muscle proteins 
during frozen storage (Shenouda* 1980).
Most of the lipid material in fish muscle cells is 
associated with membranes. Membrane lipids are typically 
rich in phospholipids (Hultin* 1985), used for structural 
and metabolic purposes (Opstvedt, 1984). The neutral lipids, 
p rincipally triacylglycerols and cholesterol (Hultin* 1985), 
are located elsewhere. T r i a c y l g l y c e r o 1s ("triglycerides") 
are used mainly for storage of fat. This is done 
predominantly in separate organs, i.e., the liver, in lean 
fish such as cod, but stored throughout the body in fatty 
fish such as mackerel (Opstvedt, 1984). While the amount of 
neutral lipids in fish varies considerably with species and 
nutritional status, the concentration of phospholipid is not 
as variable.
Lipids in fish have variable effects on muscle proteins 
during frozen storage, depending on the type of lipid 
(t r i a c y 1g 1y c e r o 1 or phospholipid) and state (intact vs. 
hydrolysed or oxidized). Shenouda (1980) cited evidence that 
intact neutral lipids, such as t r i a c y l g l y c e r o 1 s , found in 
fatty fish seem to protect proteins from denaturation by 
free fatty acids (FFA), possibly by dissolving the FFA and 
neutralizing or diluting their capability to bond 
h ydrophobically to proteins. Phospholipids, such as 
lecithin, also have been demonstrated to have protective 
effects. There is also evidence that intact lipids can have 
a detrimental effect on frozen fish tissue. This is thought
to occur when cellular structures? i.e.? membranes? are 
broken down? allowing liberated lipids to come in contact 
with previously unencountered proteins and form insoluble 
iipoprotein complexes (Shenouda? 1 9 B 0 ) .
Free fatty acids (FFA) produced by enzymic and 
nonenzymic hyd r o l y s i s  of fish lipids? particularly 
phospholipids? have been demonstrated to attach 
h y drophobically or h y d r o p h i 1 ically to the appropriate site 
on protein surfaces. Primarily myofibrilar proteins are 
attacked. By surrounding p r oteins with this hydrophobic 
environment? protein solubility is decreased. A correlation 
has been documented repeatedly between increased FFA? 
decreased p rotein solubility? and increased toughness of
frozen fish. The same effects have been demonstrated in
model systems treated with antioxidants and in a nitrogen 
atmosphere? implicating FFA p r oducts of lipid hydrolysis 
rather than o x i dative products. Other work has demonstrated 
different p rotein aggregates formed as a consequence of
interaction with pr o d u c t s  of lipid hydrolysis and oxidation 
(Shenouda? 1980).
Lipid o x idation shortens the shelf life of frozen fish 
not only by the initiation of rancidity? but also by 
interaction with proteins. Lipid oxidation has been 
demonstrated to cause frozen stored fish .tissue to become 
firmer and more elastic and to form insoluble complexes. The 
interactions are not ent i r e l y  understood? but two possible 
mechanisms have been hypothesized. One proposed that
denaturation is a consequence of polymeri z a t i o n  with 
unstable free radical intermediates of lipid peroxidation. 
Another suggested that the mechanism is of covalent bonding 
with stable oxidation products such as carbonyl compounds 
(S h e n o u d a, 1980).
TMAOs and its enzymatic breakdown by TMAOase to 
d imethylamine (DMA) and formaldehyde (FA) during frozen 
storages repeatedly has been implicated in textural 
de t e r i oration of some fishery products. The resulting tough 
and spongy tissue is reported to be related to formation and 
accumulation of FA> rather than DMA. P rotein alteration is 
thought to occur through covalent bonding with FA to cause 
deformations accompanied by cross linking b etween protein 
peptide chains (Shenoudas 1980). Mathews et a l . (1980) found
increased cross linking to correlate with accumulations of 
FAs but not FFA.
If TMAO and TMAOase are to be implicated in protein 
denaturation and texture changes in frozen fishery products) 
the presence of TMAO and TMAOase activity must be 
demonstrated. The presence of TMAO in freshwater species is 
ne g ligible or nonexistent (Shenoudas 1980; Hebard et a l . > 
1988; R e g enstein et al.s 1988; Hultin) 1985). Furthermore) 
crustaceans such as lobsters and shrimp apparently lack 
TMAOase (Castell et al.s 1 9 7 0 ) 5 even though they contain 
small amounts of TMAO ( S h e n o u d a 5 1980). TMAOase has been 
reported to be stable up to 60°Cs while heat treatments of 
80°C have arrested its activity (Shenoudas 1980). Based on
all of these facts, it would seem quite unlikely* for 
example* for FA accumulation to be implicated in textural 
changes of cooked freshwater crustacean muscle during frozen 
s t o r a g e .
Textural changes occurring in frozen fishery products 
are a major factor in determining quality and shelf life. 
Depending on the species* as well as pre-freezing handling 
and processing conditions* any combination of factors 
involving moisture* lipids, and TMAO could be involved in 
protein denaturation. In addition, a number of hypothetical 
interactions also could have detrimental effects on textural 
q ualities (Shenouda, 1980). While these processes have 
detrimental effects on texture, flavor will also be 
negatively affected by .development of rancidity in the lipid 
fractions* as well as loss of flavor with increased drip 
losses due to reduction in water holding capacity of 
denatured proteins.
Effects of Freezing Method, Packaging* Frozen S t o r a g e * 
and Thawing on the Quality of Fishery Products
Research results
Freezing
Finfish and shellfish frequently have been reported to 
benefit from quick freezing (Tr e s s l e r * 1932; Rogers and
Binsted, 1972; Hultin, 1985). The muscle tissue of fish is
more sensitive to protein denaturation than is that of birds 
and mammals (Hultin? 1985). The degree of protein
denaturation that occurs during freezing fish is affected by 
freezing rate (Matsumoto? 1979) and minimized by quick 
freezing (Hultin? 1985).
Quick freezing? with cryogenic (INS or COS) or 
immersion (LFF or DDti) processes? has sometimes been shown 
to produce quality advantages over slower methods? i.e.? 
sharp or still? and blast? when freezing crab (Gangal and 
M a g a r ? 1963? FMC Corp.? 1969? Ampola and Learson? 1971?
Strasser et al.? 1971? Webb et a l .? 1976? Cook and Lofton? 
1979; Coleman et a.? 1986) and rock lobsters (Simmonds et
a l .? 1984). While these workers have found improvements in
factors such as sensory quality? appearance? drip? and
texture? others have been unable to d e m o nstrate similar 
advantages when quick freezing several finfish and shellfish 
(Anonymous? 1965? Bucholz and Pigott? 1972? Aurell et al.? 
1976? Houwing? 1984). Another advantage attributed to quick 
freezing is less dehydration during freezing (Bucholz and
Pigott? 1972; Aurell? et al.? 1976; Anonymous? 1982; 
Sebranek? 1982; Nusbaum et al.? 1983).
In addition to direct b e nefits of quality and yield? 
quick freezing has been shown to be a factor in increasing 
high quality life (HQL) of frozen fishery p r oducts (Ampola
and Learson? 1971; Sebranek? 1982) given proper storage
conditions? while slower freezing resulted in poorer sensory 
quality after frozen storage (USDC? 1970). Lindeloev (1978)
and Winger (1982) have shown that the end temperature of 
freezing also is an important factor in frozen shelf life, 
by demonstrating that shorter shelf life is associated with 
freezing to a temperature less than the storage temperature.
Packaoina
Deterioration of frozen fishery products in commercial 
cold stores and retail cabinets can be minimized by 
protecting them from oxidation and desiccation. Packaging 
and/or glazing have been shown to be effective barriers 
between the product and the atmosphere.
Packing in oxygen impermeable films has been shown to 
be effective protection, but this requires oxygen removal by 
vacuum or displacement with an inert gas such as nitrogen 
(Connell, 1975). As early as 1916, Plank et al. (1916) 
reported "anaerobic" packaging to be the second most 
important factor affecting quality of frozen foods. 
Minimizing exposure to oxygen is particularly important for 
fatty fish (Jul, 1984).
Vacuum packaging has been shown to improve frozen shelf 
life (Dassow et a l ., 1962; FMC Corp., 1969; Strasser et al., 
1971; Mijayama and Cobb, 1977; Badonia, 1981; Reddy et a l ., 
1981), while other workers found no advantage to vacuum 
packaging (Webb et a l ., 1976).
Desiccation, caused by sublimation of ice crystals 
during frozen storage (Hultin, 1985), is a problem in frozen 
fishery products (Faulkner and Watts, 1955; Gangal and
M a g a r 5 1963; Pawar and M a g a r > 1966; Rogers and Binstedj
1972; Nagle and F i n n e ( 1980; Hallowellj 1980; Shenouda) 
1980; Gates et al. 1985). The aforementioned can be reduced 
by glazing (Pawar and M a g a r » 1966; Nagle and Finne* 1980).
For best resultsj glazes on frozen products must be 
periodically replenished as they evaporate or become damaged 
(Rogers and Binstedj 1972). Glazes of 0.5 - 2 mmj or about 5 
- 15*/. by weight j usually are sufficient to protect
individually quick frozen (IQF) or block frozen products. 
Glazing is inexpensive and effective} but not always 
practical (Connellj 1975). Mijayama and Cobb (1977) observed 
little d e h y dration in vacuum packaged prawnsj compared to 
standard glazed products) as long as the package itself 
remained undamaged. Vacuum packing can be more practical) 
but is frequently only applied to smaller more expensive 
products (Connellj 1975). Keeping quality of seafood has 
been enhanced by combining glazing with vacuum packing in 
oxygen impermeable membranes (Jul) 1984).
F rozen storage
Once fishery products are properly frozen and packaged) 
further d e t e r i o r a t i o n  is affected primarily by temperature 
and duration of frozen storage (Dagbjartsson and Solberg) 
1972; Rogers and Binstedj 1972: Connell) 1975; Ronsivalli
and Baker) 1981; Jarman) 1982; Jul) 1984; Summers) 1984; 
Gates et a l . 5 1985; Hultin> 1985). B ecause fish and
shellfish are reported to be more sensitive to the negative
effects of frozen storage than other muscle foods (Rogers 
and Binsted> 1972; Ronsivalli and B a k e r 5 1981; Hultin,
1985), it is considered especially important that storage 
temperature be kept low. A temperature of -1S°C has been 
suggested as a maximum acceptable storage temperature 
(Strasser et al., 1971; Hallowell, 1980; Jul, 1984; Hultin, 
1985).
Connell (1975) notes that even at -18°C, frozen fresh 
fish will only keep in good condition for 2  to 4 months. 
Numerous researchers have demonstrated increasing quality 
and shelf life associated with decreasing storage 
temperatures, and have advocated temperatures such as -20°C 
(Dassow et al., 1962; Webb et a l ., 1975; Hale and Waters,
1981; Gates et a l ., 1985), -23°C (Botta et a l ., 1982), -25°C 
(Houwing, 1984), -26°C (Crawford et al., 1979), -27°C
<Dagbjartsson and Solberg, 1972), -29°C (Rogers and Binsted, 
1972), -30°C (Connell, 1975; Webb et a l . 1976; Clucas and 
Sutcliff, 1981), -40°C (Rasekh et a l ., 1977; Ronsivalli and 
Baker, 1981), and -108°F (Strasser et a l ., 1971). Hansen and 
Aagaard (1969) recommended that crab meat not be stored at a 
temperature above - 20.5°C for three months, and that this 
temperature be reduced 2.8°C for each additional three month 
storage period needed. The economic benefits obtained from 
storing fishery products at temperatures below -18°C is 
q u e s t ionable (Jarman, 1982; Houwing, 1984). Pe r s s o n  (1982) 
recommended against raising storage temperatures in order to 
reduce expenses. R elative to total costs, this expense was
usually considerably less than other factors) such as 
transportation and distribution.
Another aspect of frozen storage is detrimental 
effects of temperature fluctuations) i.e.) moisture 
migration and ice crystal growth (Connell) 1975; Bevilacqua 
and Zaritsky) 1988; Jul) 1984). Maintenance of a lower 
temperature is an effective way to prevent ice crystal 
growth in frozen products) shown to occur at storage 
temperatures above approximately -10°C (M o r a n s 1932; Fennema 
et a l .) 1973; Bevilacqua and Zaritsky> 1982). Moran (1932) 
d emonstrated lack of ice crystal growth at -20°C. Jul (1984) 
recommended frozen storage temperatures of <-18°C to avoid 
r eduction in quality due to r e c r y s t a l i z a t i o n .
Thawing
When freezing or thawing fishery products) excessively
slow rates enhance the amount of drip produced. Connell
(1975) suggested application of the same general temperature
change rate for freezing and thawing) i.e.) time spent 
o obetween 0 C and -5 C should not be over 5 to 10 hours. Jul 
(1984) observed that the effect of thawing on drip is 
minimal) but pointed out c o n s i derable variation between 
experiments. Several studies were noted that reported little 
impact of thawing rate on drip. Reay (1933) demonstrated 
that haddock frozen at -21°C exuded approximately twice as 
much drip when the time interval from -5° to 0°C increased 
from 60 min to 400 min. Tanaka and Tanaka (1956)
demonstrated greatly reduced drip in large pieces of whale 
meat with dielectric heating rather than with slow thawing 
in air. On the other hand, just as slow freezing has 
sometimes been shown to increase tenderness and reduce drip 
in beef, Calvelo (1981) also found slow thawing to reduce 
drip in beef.
E v a luation of seafood quality
Etl
Measurement of the pH of seafoods has been used as an 
indicator of spoilage during iced storage. The pH of fish 
and shrimp increases with iced storage due to production of 
ammonia and amines by microbial and enzymatic activity (NRC, 
1985). The pH of molluscs decreases, due to acids produced 
from utilization of stored glycogen. The initial microbial 
flora, handling and processing, and packaging methods will 
influence pH changes, but physical factors are still needed 
to assess quality. The pH of cooked crustacean products such 
as crabmeat (Webb, 1976) has been shown to be of minimal 
value as an indicator of quality. Measurement of 
trimethylyamine (TMA) and total volatile n i trogen (TVN), the 
production of which increases pH, has been used to assess 
quality of marine fish and crustaceans. Guidelines and 
specifications for a c c eptance of seafoods in several 
countries have included TMA and TVN levels (NRC, 1985).
Researchers have demonstrated a correlation between pH
and fish texture (Cowie and Littles 1966; Kelley et a l ., 
1966; Connell and Howgate> 1968; Love et al.s 1974; 
Dunajskis 1979). This effect has been shown to be more 
consistent within a species (Feinstein and Bucks 1 9 8 4 ) s and 
more pronounced below pH 6.7 ( D unajski 5 1979). Considering 
the combined toughening effects of freezing and a lower pH 
on fish muscle tissues it has been suggested that fish of a 
"favorable" pH (i.e.* higher) be used for frozen storage 
(Bosund and Beckemans 1972; Love et al.s 1974).
A number of researchers have monitored the pH of 
fishery p roducts during frozen storage to evaluate its 
relationship to quality deterioration. O f t e n 5 little or no 
pH change has been observed in muscle tissue as related to 
storage time or temperature of fish (Bosund and Beckemans 
1 9 7 2 ) } shrimp (Webbs et al.s 1 9 7 5 ) s crab (Webb et al.s 
1 9 7 6 ) s prawns (Hale and Waters, 1 9 8 1 ) 5 or scallops 
(Maxwel1-Mi 1 ler et al.s 1982). Gangal and Magar (1963) found 
a marked increase in the pH of thaw exudate from crabmeat 
during frozen storage. This rise was attributed to increased 
c o ncentrations of nitrogenous compoundss which were of 
negligible value as a specific quality indicators due to 
inconsistent levels.
Methods used to evaluate tissue pH vary with the 
fishery commodity being evaluated as well as with available 
equipment. Slurries of 1:1 tissue:water have been used for 
fish (Bosund and Beckemans 1 9 7 2 ) s crabmeat (Webb et al.s
1 9 7 6 ) s and shrimp (Webb et al.s 1975). Feinstein and Buck
(1984) used 3g of fish to 30 ml of w a t e r , while others used 
lower or unspecified amounts (Wilaichon et a l ., 1978;
Maxwel1-Mi 1 ler et al.* 1982; Wang and Brown, 1983). Direct 
contact with a probe has been used to measure the pH of 
minced fish (Rasekh et a l . , 1977) and macerated prawns. Nip
et al ., (1985b) used a surface pH electrode (Orion) to
measure surface pH of prawns 5 when monitoring pH changes 
related to muscle degradation.
Dr ip
The measurement of thaw drip is a well established 
indicator of quality of frozen seafoods (Bucholz and Pigott, 
1972; Gibbardj 1978; Shenouda, 1980; Jarman, 19B2; Jul, 
1984; Hultin, 1985). It is quite useful as a simple, well 
correlated, indicator of protein denaturation, as affected 
by freezing and frozen storage (Shenouda, 1980, Jul, 1984; 
Hultin, 1985). Protein denaturation has been associated with 
undesirable texture changes in many frozen fishery products 
(Connell, 1975). Drip also has been associated with loss of 
nutrients from muscle tissue and development of off odors 
and off flavors (Gangal and Magar, 1963).
Thawing rate has been observed to affect the amount of 
thaw drip produced (Reay, 1933; Tanaka and Tanaka, 1956; 
Connell, 1975; Jul, 1984). Consequently, consistent thawing 
methods are important if meaningful results are to be 
obtained. Jul (1984) suggested that considerable variation 
in reported effects of freezing method and frozen storage on
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thaw drip in products could be explained by variations in 
thawing. A single optimal method for thawing all fishery 
products has not been suggested or used.
A variety of procedures have been used in studies on 
freezing methods and frozen storage. Thawing has been done 
at room temperature (Gangal and M a g a r , 1963; Pawar and
Magarj 1966; Ampola and Learsonj 1971; Bucholz and Pigott, 
1972), under r e f r i g eration (Dagbjartsson and Solberg, 1972; 
Webb et a 1., 1975; Webb et a 1., 1976; Maxwel1-Mi 1 ler et a l ., 
1982; Samson et a l ., 1983), and in 16°C water (Aurell et 
a l ., 1976) or 80°C water (Faulkner and Watts, 1955).
Unfortunately, many authors do not indicate thawing methods 
u s e d .
Thaw drip has been calculated by measuring weight loss 
of the thawed muscle tissue (Bucholz and Pigott, 1972; 
Aurell et a l ., 1976; Webb et al., 1976;), or by collecting 
and weighing the drip as the product thawed (Gangal and 
Magar, 1963; Pawar and Magar, 1966). Bucholz and Pigott 
(1972) commented on the importance of wrapping the product 
when thawing at room temperature to prevent condensation of 
moisture from the atmosphere onto the product surface in 
order to prevent e r roneous results.
Cooking drip, rather than thaw drip, also has been 
evaluated as a quality index of frozen seafood (Rasekh et 
al . , 1977; B o rderias et a l ., 1981).
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Mo i sture
Moistness, or succulence, is an important sensory 
quality in seafood (Connell, 1975). D e s i ccation during 
f rozen storage and thaw drip may have the effect of 
depleting muscle tissue of moisture. While analysis of drip 
loss is a useful method of monitoring changes in tissue and 
texture (Shenouda, 1980), change in moisture content often 
reflects and coincides with quality deterioration.
Objective m e a s urements of moisture content are useful 
as they provide a consistent determination of this important 
parameter. M oisture content is calculated by weight 
difference after the product has been dried. AOAC methods 
were used by Pawar and Magar (1966), Peplow et al. (1977), 
and Findlay and Stanley (198*0 for drying finfish, shrimp, 
and scallops, respectively. Peplow et al. (1977) described 
the AOAC method as ’’overnight" drying at 100°C of a mixture 
of lOg ground tissue, Sg asbestos fibers, and 5ml water. 
Ablett and Gould (1986) dried ground mussels for 24- hours at 
105°C. Some res e a r c h e r s  do not describe the objective 
methods they used to det e r m i n e  moisture content.
Sensory eva l u a t i o n  is considered to be the most 
important determinant of quality in seafood (Shenouda,
1980), and has been used to monitor moisture content in 
studies of iced or frozen stored fishery products. A sensory 
panel was used to e v aluate moi s t u r e  in fish (Johnson et a l .,
1981) and in prawns (Mijayama and Cobb, 1977). Visual 
observations of des i c c a t i o n  have been used to assess
moisture changes in crabmeat (Gangal and M a g a r » 1963).
Sensory assessments
The importance of subjective evaluation of seafood 
quality should not be underestimated. Improved methods of 
processing, packaging, and storage may yield measurable 
improvements in quality and/or shelf life. However, if 
differences are not detectable by sensory methods, extra 
efforts and cost may not be justified for the p r o c e s s o r .
O bjective measurement of sensory characteristics, or 
related factors, can provide a consistent point of reference 
for comparison. Consequently, considerable effort has been 
made to determine physical and chemical methods of quality 
evaluation to be correlated with sensory data. Chemical 
quality measures have been utilized, but their usefulness as 
indices of sensory quality has been questioned (Mijayama and 
Cobb, 1977; Nakayama and Yamomoto, 1977; Hale and Waters, 
1981; Botta et a l ., 1982). Physical measurements of quality
characteristics, such as texture, often have be e n  used, but 
they are limited in scope. Human perception of texture, for 
example, encompasses a great number of influencing factors 
(Connell, 1975), whereas most instrumental methods of 
texture evaluation involve three or fewer characteristics 
< Vo i s s e y , 1972).
The consistency of sensory evaluation is limited by the 
variability and fatigue inherent in use of hu m a n  subjects 
(Dassow et a l ., 1962; Connell, 1975; J u l , 1984).
Nevertheless? sensory evaluations are considered to be the 
ultimate criteria for determining differences in seafood 
quality (Shenouda? 1980? Houwing? 1984).
The nine point hedonic scale is the most commonly used 
form of preference testing (Larmond? 1977). However? it 
should be limited to evaluations of liking or disliking. A 
nine point multiple comparisons test is often used when the 
subject of evaluation is the effect of processing? 
packaging? or storage on a product. The test allows 
efficient comparison of several test samples with a 
reference/control? and enables detection of small 
differences (Larmond? 1977). Verbally ranked ratings are 
converted to numbers for the purpose of statistical 
analysi s .
Many seafood researchers have used multiple comparison 
tests to detect differences in quality parameters? e.g.? 
texture? flavor? color? aroma? moisture? and overall 
acceptability? of seafoods frozen in different ways and/or 
during frozen storage. Nine point scales have often been 
used (Ampola and Learson? 1971; Ahmed et al.? 1973? Alvarez 
and Koburger? 1979? Crawford et a l .? 1979? Nip and Moy?
1979? Hales and Waters? 1981? Houwing? 1984). Others have 
modified the point scale to five (Rasekh et a l .? 1977? Botta
et al.? 1988? Maxwel1-Mi 1 ler et a l .? 1988? Gates et al.? 
1985)? seven (Ablett and Gould? 1986)? or ten (Faulkner and 
Watts? 1955? Gangal and Magar? 1963).
Interval scales? such as the nine point hedonic scale?
may bias sensory evaluation by assuming equal intervals on 
the rating scale <Stone and S i d e l , 1985). This bias has been 
avoided by using unstructured or minimally structured lines 
to evaluate differences in seafoods (Nakayama and Yamomoto, 
1977; Gill et al., 1979; and Wang and Brown, 1983). This 
method typically uses a horizontal line marked with verbal 
anchors of low and high intensity characteristics. Subjects 
place a vertical line across the horizontal line at the 
position that best reflects the intensity of the 
characteristic being evaluated.
References used for the control/comparison varied, due 
to seasonal changes in availability and quality of the 
species being evaluated. Frequently, the same species, 
processed and stored under optimum conditions, e.g., headed 
shrimp stored at -40°C, was used as a reference (Hale and 
Waters, 1981). In other situations, fresh samples of the 
same or similar species have been used (Mijayama and Cobb,
1977), as have "hidden blanks" of a treatment being 
evaluated (Maxwel1-Mi 1 ler et a l ., 1988). Lacking a reference 
fish muscle that would be a consistent texture reference 
throughout their study, Gill et a l . (1979) used rehydrated
soy protein as a reference, designated as 7.5 on a 10cm 
horizontal line.
Descriptive profiling (Amerine et a l ., 1965; Larmond, 
1977; Stone and Sidel, 1985) often has been used to evaluate 
multiple flavor and odor notes, textural characteristics, 
and assess differences in acceptability between species,
processing methods or over time (Friedman et al., 1963; Webb 
et al., 1975; Edmunds and Lillard, 1979; Weddle, 1980; 
Johnson et al., 1981; Samson et al., 1985).
Triangle tests (Larmond, 1977) have been used to 
evaluate differences in flavor, texture, appearance, and 
palatability (Cook and Lofton, 1979). Dagbjartsson and 
Solberg (197S) used the "chew count" method with a trained 
texture panel to evaluate differences in texture of lobster. 
This method involves rating texture by the number of "chews" 
required to masticate a sample.
Texture evaluation
Texture is one of the most important quality 
c h aracteristics of muscle tissue. Consequently, considerable 
research has been done on factors that influence texture, 
particularly those causing mushiness or toughness. Methods 
of evaluating texture also have received considerable 
attent i o n .
Evaluation of the texture of fishery products most 
commonly includes both instrumental and sensory approaches. 
It is desirable to have good o b j ective m ethods that can 
closely d u plicate human perception of texture yet not be 
subject to the fat i g u e  and variability inherent in sensory 
evaluation. There is, however, no substitute for sensory 
evaluation (Dassow et a l ., 196S). Several r e s e archers have
attempted to correlate various aspects of instrumental 
measurements, e.g., shear slopes and peaks, with different
sensory characteristics such as chewinessj f i b r o u s n e s s » 
hardnessj toughness* compression) and cohesiveness (Dassow 
et al.) 1962; Friedman et al.* 1963; Bosund and Beckeman* 
1972; Voisey, 1972; Johnson et al . * 1981). When evaluating 
the importance of small but significant quality changes 
determined by a well-trained sensory panels it should be 
stressed that consumers would not be likely to be as 
s e n sitive to such changes (Houwing) 1984).
Studies on sensory analysis of texture have most 
commonly used point scales to rank textural parameters of 
mussels (Ablett and Goulds 1979) 5 scallops (Maxwel1-Mi 1ler 
et a l .s 1 9 8 2 ) s crabmeat (Gangal and M a g a r , 1963; Ampola and 
Learsons 1971; Webb et a l . s 1 9 7 6 ) s shrimp (Faulkner and 
Wattss 1955; Ahmed et al.s 1973; Gates et a l .* 1 9 8 5), prawns 
(Mijayama and Cobbs 1977; Nip and Moys 1979; Hale and 
Waterss 1 9 8 1), crayfish (Wang and Browns 1 9 8 3 ) s fish (Botta 
et al.s 1982; Houwings 1984;) and minced fish (Rasekh et 
a l . s 1977; Laird et al.s 1981). Texture profile panels were 
used to e valuate texture of shrimp (Webb et al.s 1 9 7 5), fish 
(Johnson et al.s 1 9 8 1 ) s squid (Otwell and Hamanns 1 9 7 9 ) 5 and 
v arious p r oducts (Friedman et al.s 1963). Dagbjartsson and 
Solberg (1972) used "chew counts" to evaluate the texture of 
lobster. Gill et al.s (1979) used the unstructured line 
method of rating texture of fish.
The most common instrumental measurement of muscle 
tissue is shear force. This is considered by many to be the 
most appropriate measurement of intact seafood muscless
since it is a measure of myofibril strength (Findlay and 
Stanley, 1984), and not connective tissue. The latter makes 
up a relatively small portion of the tissue? and is readily 
gelatinized by cooking (Love et al.? 1974). Force required 
to break through tissue (peak shear force) is evaluated. 
This measurement has been found to be highly correlated with 
sensory panel evaluations of toughness (Bosund and Beckeman, 
1972), hardness (Borderias et al., 19815 Johnson et a l .,
1981), and chewiness and fibrousness (Johnson et al., 1981).
Single or m u l t i-blade devices, wires, and punch and die 
equipment have been used to measure shear force of shrimp 
(Ahmed et al., 1973; Webb et al., 1975; Wilaichon et a l .,
1978), prawns (Nip and Moy, 1979; Hale and Waters, 1981; Nip 
et a l ., 1985b), lobster (Dagbjartsson and Solberg, 1972), 
scallops (Maxwel1-Mi 1 ler et al., 1982; Findlay and Stanley, 
1984), squid (Dtwell and Hamann, 1979), fish (Bosund and 
Beckeman, 1972; Voisey, 1972; Gill et al., 1979; Borderias 
et al., 1981; Johnson et a l ., 1981; Houwing, 1984;, minced 
fish (Rasekh et al., 1977; Borderias et a l ., 1981), and
various products (Dassow et al., 1962; Friedman et al., 
1963).
Force required for 50*/. compression was used to evaluate 
the texture of fish and scallops (Feinstein and Buck, 1984), 
and minced fish (Nakayama and Yamomoto, 1977; Borderias et 
al., 1981). Samson et al. (1985) monitored the relaxation 
time following a 50*/. c o m p ression of minced fish.
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The effect of blanch time on the development of 
mushiness in ice-stored crawfish meat packed 
with adhering hepatopancreas
ABSTRACT
Loss of a desirable firm texture in fresh crawfish meat 
packed with adhering hepatopancreas was influenced by blanch 
time. Analysis of texture by Instron Kramer shear force and 
sensory panel showed that after BO hours of iced storage, 
crawfish meat cooked < 7 minutes was significantly (p<0.01) 
softer than crawfish meat cooked 7 to 13 minutes. 
Hepatopancreas tissue obtained from crawfish cooked less 
than seven minutes prevented firm gelation of a IB*/, aqueous 
gelatin solution. Results indicated that heat labile 
proteolytic enzymes were involved in the development of 
mushiness in fresh crawfish meat.
INTRODUCTION
Processing freshwater crawfish* Procambarus cl.ark.ii. and 
P . acutus acutus, for meat is an important developing 
seafood industry. In Louisiana, which produces 90*/. of the 
crawfish consumed in the U.S., processing typically involves 
blanching whole live crawfish in boiling water to enhance 
peeling of meat by hand. Meat for fresh sale is usually 
packed with adhering hepatopancreas, an important flavor 
ingredient in many prepared dishes. In recent years,
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development of" mushiness in such fresh meat products has 
been a sporadic and u n p r e d ictable problem.
The presence of hepatopancreas tissue in other 
crustaceans has been implicated in similar textural problems 
(Papadopoulos and Finne, 1985; Lightner* 1973).
Co 1 lageno1ytic enzymes from crustacean hepatopancreas 
tissue) partially characterized by Nip et al. (1985)) were 
found to degrade tail meat and collagen gels (Eisen and 
Jeffrey) 1969; Baranowski et al . ) 1984). The presence of 
similar enzymes in crawfish h e patopancreas could be expected 
to degrade the texture of crawfish meat as well as gelatin 
(amorphous collagen). Presently there are no established 
crawfish processing procedures) therefore blanching times 
vary considerably. If hepatopancreatic enzymes are not 
inactivated by blanching) the presence of this tissue in 
packages of fresh crawfish meat could cause mushiness.
The objectives of this work were to evaluate the effect 
of blanch time on the texture of ice-stored crawfish meat 
packed with adhering hepatopancreas) and the use of gelatin 
degradation as a simple in-plant test for adequacy of blanch 
p r o c e s s .
MATERIALS AND METHODS
The entire study was performed in triplicate. Each 
time> 12 kg live crawfish) P. clar ki.i, were obtained from a 
local seafood market. Using procedures simulating a typical 
processor) washed crawfish were placed in boiling water and
heat was adjusted to achieve a return to boil in
approximately 7 minutes. Samples of whole crawfish (1.1 -
1.4 kg) for all analyses were removed every two m i n u t e s 5 
beginning one minute after crawfish were added to the water 
and ending at 13 minutes. Blanched crawfish were chilled 2 
minutes in an ice-water slush. An uncooked portion of
crawfish was retained as a control.
Tail meat with adhering hepatopancreas was peeled and 
deveined by hand and placed in Whirl-pak bags. 
Hepatopancreas tissue did not adhere to raw meat) therefore 
none was packed with it. Packaged meat was left at room 
temperature (23°-25°C) for 1 h o u r , as would typically occur 
in a commercial operation) prior to being stored in crushed 
ice for 2 0  hours.
Crawfish meat texture was determined instrumentally 
using an Instron Universal Testing Machine (Model 1122) 
fitted with a 10-blade Kramer food testing attachment. 
Prior to analysis) the meat was brought to room temperature. 
Five replicate samples of meat (approximately 30 g) from 
each blanch time and the control were tested in a completely 
randomized block design. The number of tails in each sample 
was noted to d e termine their average weight.
Sensory e v a luation of crawfish meat texture was by a 
nine-member panel with previous experience in sensory WQrk 
with seafoods) including crawfish. A multiple comparisons 
test) as described by Larmond < 1 9 7 7 ) 5 was used to evaluate 
samples in a completely randomized block design. Duplicate
sets of samples of 2 0  hour ice-stored meat from crawfish 
blanched 1* 3s 7» 11» or 13 minutes were compared to the 
reference meat which was blanched 7 minutes. Prior to 
serving) samples were steamed five minutes and cooled to 
room temperature (23°-25°C). Panelists were served in 
partitioned booths under red lightss and received 
approximately 6 g samples of each treatment.
Gelatin degradation by hepatopancreas tissue was 
monitored in tissue samples removed from crawfish sampled at 
each blanch time and the control. For each treatments 
a pproximately 5 g of tissue was pooled from several 
crawfish. The tissue was macerated and four 0.2 g samples 
were placed in 20 mm pyrex t u b e s 5 to which 5.0 ml of a 
cooled 1 2 */. aqueous g elatin solution was added and mixed. 
G elatin solution mixed with raw or no hepatopancreas tissue 
served as viscosity references. After capping the tubess 
samples were left at room temperature <23°-25°C) 1 hours 
then stored an additional 23 hours at 3°C. Viscosities of 
the gelati n - h e p a t o p a n c r e a s  mixtures were evaluated 
s u b j e ctively after 2 ^ hours.
Statistical analysis of Instron and sensory data was by 
analysis of variances using a split plot with a randomized 
block on the main plot (Snedecor and Cochrans 1967). 
T u k e y ’s studentized range test (Otts 1977) was used to 
analyze critical d i f f erences b etween means.
RESULTS AND DISCUSSSION 
Cooking time of whole crawfish significantly affected 
the texture of ice-stored peeled tail meats packed with 
adhering hepatopancreas. Statistical analysis of Instron 
shear force values showed highly significant <p<0 .0 1 ) 
differences in the texture of crawfish meat blanched for 
different times (Table 1). Meat from crawfish cooked one or 
three minutes was significantly <p<0 .0 1 > softer than that 
cooked five m i n u t e s , or uncooked < to which no hepatopancreas 
adhered). Meat blanched seven minutes or more was 
significantly <p<0 .0 1 > firmer than that blanched less. 
Significant differences in meat texture <p<0.01> between 
replicate studies was attibuted to differences in average 
tail weights (Table 1). Statistical analysis by ANOVA of 
sensory data showed highly significant (p<0 .0 1 ) differences 
in texture scores between treatments. Analysis of treatment 
means by T u k e y ’s test showed meat from crawfish cooked one 
or three minutes was judged to be significantly (p<0 .0 1 ) 
softer than that cooked 7, 11, or 13 minutes (Table E).
Whole crawfish that produced the firmest meat samples 
also yielded hepa t o p a n c r e a s  samples without apparent 
proteolytic enzyme activity, based on gelatin degradation. 
No gel formation occurred in hepatopanc r e a s - g e l a t i n  mixtures 
prepared with tissue from crawfish blanched three minutes or 
less, while preparations from those blanched five minutes 
resulted in soft gels. Only samples removed from crawfish 
blanched seven or more minutes resulted in firm gelatin
mixtures after 2^ hours. Thus? gelatin seemed to be a 
suitable substrate for monitoring activity of enzymes 
thought to cause mushiness in crawfish meat.
In conclusion? this study demonstrated that 
undercooking of whole crawfish can result in mushiness of 
peeled meat packed with adhering hepatopancreas? and that 
gelatin degradation could be used by processors to conduct a 
simple in-plant test of the adequacy of their heat process.
Table 1. Shear force values <kg/g) of 20-hour ice-stored
crawfish meat packed with adhering hepatopancreas.
Blanch 
t ime 
< m i n . )
A’
a
B C xb
0 1.81 + 0.07 0.87 + 0.04 1 . 12 + 0.05 1 . 27 C
1 1 .65 0.07 0.73 0.07 0.98 + 0.09 1 . 12C
3 1 . 44 + 0.16 0.77 + 0.09 0.92 + 0.08 1 .04^
5 2.02 + 0.14 1 . 19 + 0.06 1.21 + 0.03 1 . 4 7 b de
7 2.17 + 0 . 12 1 .44 + 0 . 18 1 .46 + 0.03 1 .69°
de9 2.17 0.13 1 .33 + 0.08 1 .48 + 0.08 1 .66“
11 2. 15 + 0 . 12 1 .34 + 0.05 1 .54 + 0.03 1 ,6B«e
13 2.05 + 0.04 1 .44 + 0.07 1 .56 + 0.08 1 .68
Mean + S.D. of five replications; average tail weights for 
replicate studies A, Bj and C are 6 . 8  g, 2.5 g* and 3.0 g* 
k respectively.
Mean value for blanch time. Means with different 
superscripts are s ignificantly different <p<0.05).
Table S. Mean texture s c o r e s 3  from sensory evaluation of 
2 0 -hr ice-stored crawfish meat packed with adhering 
h e p a t o p a n c r e a s .________________________________________________________
Blanch 
. t ime 
< m i n )
A B
1 
3 
7 
11 
13
1 . 2 2  
E.W
5.67* 
A . 67£ 
5. 3 3 6
1 .00 
2.00C 
5.67* 
5.56E 
4.78*
2.22 
2.20C 
5.566 
5.00 6 
5. 0Qe
1 .89
E . W
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A.676
1 .56
3.67*
5.22^
5.78^
5.56
1 .89 
3.67* 
5.22^ 
5.33^ 
5.89
a Scores based on a nine point verbally ranked scale; where 
k 1 = extremely softer and 9 = extremely firmer.
Columns 1 and 2 represent duplicate sets of panel 
evaluations; values are means of nine evaluations.
Means in the same column with different superscripts are 
significantly different <p<0.05).
Differences in color, texture and flavor of processed meat 
from red swamp crawfish (Procambarus cl_arki.i) and 
white river crawfish (P. acutus acutus)
ABSTRACT
Red swamp crawfish (Procambarus cl,arkii ) and white 
river crawfish (P. acutus acutus) were evaluated for 
differences in texture, color and flavor of meat and 
hepatopancreas. A significant difference between species 
was not detected by sensory evaluation using triangle 
tests. Analysis of Instron Kramer shear force values showed 
no significant difference in meat texture. Color analysis 
of meat and hepatopancreas by Hunter lab colorimeter showed 
highly significant differences <p<0.0005) in L-values and 
a-values between the species.
INTRODUCTION
Freshwater crawfish processing has become a 
commercially important part of the U.S. seafood industry. 
In Louisiana, where 90*/. of the crawfish consumed in the U.S. 
is produced, two commercially important species, red swamp 
crawfish (Procambarus clarki.i.) and white river crawfish (P. 
acutus a c u t u s ) , are harvested simultaneously in varying 
proportions. A popular pre f e r e n c e  for red swamp crawfish is 
maintained by many p r o c essors and consumers. Although
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easily recognizable exterior physical characteristics 
distinguish the two species, sensory differences of 
processed tail meat have not been determined. The purpose 
of this study was to e valuate d i f f erences in c o l o r , texture 
and flavor of processed meat from these two species of 
c r a w f i s h .
M A T ERIALS AND METHODS
Source and cooking of crawfish
Live red swamp and white river crawfish were obtained
from a local seafood market on three occasions. The two
species of crawfish were cooked separately in boiling water 
using methods described by Marshall et al. (1987). Crawfish
for instrumental analysis were removed after seven minutes,
when the water began to boil, typical of commercial blanch 
procedures. Crawfish for sensory eva l u a t i o n  were boiled an 
additional six minutes to achieve a full cook.
Preparation of hepatopa n c r e a s  and meat samples
As crawfish meat was peeled, h e p a t o pancreas tissue 
representative of the color range naturally present in each 
species was set aside. Eight samples of hepatopancreas 
tissue from several crawfish were macerated. Samples were 
placed in petri dishes for color analysis, then covered with 
lids and stored in plastic bags at 3°C until final analysis, 
80 hours later.
Deveined crawfish meat was washed of adhering 
hepatopancreas before analysis of its color and texture. 
Four samples of meat from each species were pureed with 
deionized water <1:1) for color analysis. Crawfish meat for 
sensory evaluation was d e v e i n e d ? and adhering hepatopancreas 
that could affect sensory characteristics was washed from 
half of the meat of each species. Individual tails within
each category (i.e. washed or unwashed from each species)
were cut into three or four pieces? then mixed to provide
uniform samples for panelists.
Sample a n a l y s i s
Texture of crawfish meat was determined using an 
Instron Universal Testing M achine (Model 1122) fitted with 
the 10-blade Kramer food testing attachment? using 
procedures described by Marshall et al. (1987). For each 
lot? five samples of meat from each species were run in a 
randomized block design. Peak values were used to determine 
kg/g shear force for each sample. Statistical analysis for 
differences due to species? lot or order of sample 
evaluation? was by analysis of variance? as described by 
Snedecor and Cochran (1967).
Sensory e v a luation was by a nine member panel of Food 
Science Dept, faculty? staff? and students experienced in 
sensory work with crawfish meat. Triangle tests? as 
described by Larmond (1977)? were used to determine 
differences between species. Approximately 6 g samples of
crawfish meat at room temperature were placed in small paper 
cups, labeled with 3-digit codes, and served on paper
plates. A random numbers table was used to determine
p a n e l i s t ’s order of sample evaluation, and type of odd 
sample in each set. Panelists were asked to pick the odd 
sample and specify any distinguishing characteristics based 
on color, texture, or flavor. On each occasion, panelists
evaluated four sets of washed meat. The first two triangles
were presented under red light and the second two under
white light. This was followed by unwashed meat, presented
in a like manner. L a r m o n d ’s <1977) tables for rapid
analysis of triangle data were used to analyze data.
Color of prepared meat and hepatopancreas samples was 
measured with a Hunterlab Tristimulus Colorimeter (Model
D25M-9), using the "Lab" scale. Four measurements were made
on a two-inch circular area of each sample, using methods
described by Himmelbloom et a l . (1983). Statistical
analysis for color differences originating from species,
lot, time and species x time, was by analysis of variance, 
as described by Snedecor and Cochran (1967).
R ESULTS AND DISCUSSION
Mean Instron shear force values for red swamp and white 
river crawfish were 1.56kg/g and 1.60kg/g, respectively. 
Statistical analysis showed no significant difference 
<p>0.05) between species.
Analysis of sensory panel data showed panelists could 
not detect a significant difference (p>0.05) in color,
texture, or flavor between species when samples were
evaluated under red or white light. Differences in color,
which were more obvious under white light, were apparently 
not sufficiently great or consistent enough as to
significantly affect correct identification of odd samples.
Statistical analysis of Hunterlab color values (Tables 
1 and 2) showed highly significant differences <p<0.0005> in 
L-values and a-values of meat from the two species. Lower 
mean L-values and higher mean a-values indicate that meat 
from red swamp crawfish is less white and more red,
respectively, than meat from white river crawfish. There
was also a highly significant difference (p<0.0005) in the 
a-values of hepatopancreas samples from the two species. 
Lower a-values of hepatopancreas from white river crawfish 
indicates a greener color. After SO hr storage at 3°C. L - ,
a-, and b-values indicated little or no color change in the
h epatopancreas tissue of the red swamp crawfish, whereas 
tissue from the white river crawfish became more 
g r e e n i s h / b l u e i s h , as indicated by lower a-values and 
b - v a l u e s .
Processed crawfish meat is frequently packaged with 
adhering hepatopancreas tissue, particularly in products 
intended for fresh sale. Results from this study indicate 
that, of parameters evaluated, the only significant sensory 
difference in processed meat from red swamp and white river
crawfish is the color. This could be a source of preference 
for red swamp crawfish, which has a more reddish color in 
the meat and hepatopancreas. Considering the less desirable 
greenish color of the hepatopancreas of white river 
crawfish, it may be desirable for processors to avoid 
dominance of this species when packaging meat.
Table 1. Hunter "Lab" values of meat from red swamp crawfish 
<P. clarkii) and white river crawfish (P. acutus acutus).
Spec ies Meat
0  hours
L a b
Red swamp
a
mean ^ 
range
64.70**
63.98-65.46
11.53** 
10.06-12.34
9.75
8.79-10.52
Wh. r i ver amean ^ 
ranae
67.62**
65.64-68.93
8.77**
7.09-9.73
9.42
8.50-10.47
k Each value is a mean of 32 readings on 8  samples.
Each value is a mean of 4 readings on 1 sample.
** Value is s ignificantly different <p<0.0005) by ANOVA from 
corresponding value of other species.
0.0005
= 21 . 1 ; F, = 44 .91 ** i
<F 0  05 = ^ ' 67;
F. = 1.63) .
D
Table S. Hunter "Lab” values of hepatopancreas from red 
swamp crawfish (P. clarki.i.) and white river crawfish (P. 
acutus a c u t u s ) > freshly processed and after 2 0  hours of 
storage at 3 C.______________________________________  ________ _______
Spec ies
0  hours 2 0  hours
L a b L a b
Red swamp amean 41 .34 7.21** 20.25 41 .33 7.14** 20.25
range 30.99-46.40 2.56-13.41 11.33-23.65 29.91-46.68 3.23-13.40 10.83-24.37
W h . river amean ^ 42.94 2 .2 2 ** 19.41 42.34 0.96** 18.47
ranae 36.81-50.24 -2.58-6.59 13.28-23.61 37.71-49.86 -2.72-4.63 13.07-22.33
a
b
* *
Each value is a mean of 96 readings on 24 samples. 
Each value is a mean of 4 readings on 1 sample.
Value is significantly different <p<0.01> from 
corresponding value of other species. <F_ = 3.95;
F0  0 0 0 5  = 13*15 F. species = 3.56; F, time = 0.19; F.
5 F.species = 145.54**; 
time = 0.65).
time = 2.07! species = 4.9 4
Microbiological quality of frozen freshwater crawfish 
(Procambarus s p .) meat: Effect of hepatopancreas tissue, 
freezing method, and frozen storage at -23 C
ABSTRACT
Commercially processed crawfish meat was frozen by one 
of two conventional or two cryogenic methods prior to 72 wks 
of frozen storage at -23°C. Meat packaged with adhering 
hepatopancreas had significantly <p <0 .0 0 0 1 ) higher aerobic 
plate counts (APC’s) at 7° and 35°C, and total coliform 
<p<0.01) numbers (MPN). Only APC 7°C was significantly 
<p<0.05) affected by freezing method. Time of frozen storage 
significantly affected APC 7°C <p<0.0001> and 35°C <p<0.05>, 
and total coliform numbers <p<0.01). The number of samples 
positive for total coliforms, fecal coliforms, and 
E scherichia c o 1i declined throughout storage. There was no 
significant effect by any of these factors on E. c o 1 i 
numbers, which had a very high coefficient of variation.
INTRODUCTION
Aerobic plate counts <psychrotrophic and mesophilic), 
coliform, and Escherichia c o 1 i levels in fresh seafood 
products are useful indicators of hygienic practices 
employed during processing, and temperature conditions 
during storage. These same indicators can be used in 
predicting the shelf life potential of the product.
Psychrotrophic bacteria become dominant in seafoods as
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spoilage proceeds at chill temperatures (Liston, 1982; 
Hobbs, 1983). Mesophilic bacteria include several recognized 
foodborne pathogens that can contribute to plate counts 
(ICMSF, 1978), thus, these organisms are useful indicators 
of the utility and safety of seafood products.
E. coli is indigenous to the enteric tract of man and 
warm blooded animals. Its presence in food is consequently 
considered to be an indicator of the possible presence of 
enteric pathogens through direct or indirect fecal 
contamination. The detection of fecal coliforms in food is a 
more rapid method of determining probable fecal 
contamination (ICMSF, 1978).
S u sceptibility to injury and death during freezing, 
frozen storage, and thawing varies with the microorganism 
(ICMSF, 1980a). When quick freezing at -70°C, Haines (1938) 
observed mortality rates ranging from 80*/. in some bacteria, 
to none in spores. Temperature (i.e., -70° to -5°C) and rate 
of freezing were found to have little effect on survival 
w ithin a species. Destruction of bacteria was reported to be 
most rapid in the range of -1°C to -5°C. Higher mortality 
rates <1 or 2 ’/. up to 90*/.) have been reported immediately 
after freezing, followed by a slower die off in frozen 
storage (Simmonds and Lamprecht, 1985). Higher temperatures 
in the range of -2°C to -10°C have been reported more lethal 
than those below -20°C (Haines, 1938; C h r i s t o p h e r s e n , 1968;
Jay, 1978). Slow thawing of frozen foods has been found to 
be significantly more destructive to microbial cells than
rapid thawing (Speck and R a y > 1977; Gebre-Egziabher et
al.,1982). Connell (1975) suggested that time spent between 
-5°C and 0°C should not exceed 5 to 10 hours when thawing.
Differential sensitivity to effects of freezing could 
alter the distribution of viable organisms in a thawed 
product and may not be indicative of original product 
quality. Greenwood et a l . (1985) observed that freezing
cooked crustaceans may result in a 1 0 -fold decrease in the 
APC. Chattopadhyay et a l . (1983) found decreased bacterial
survival in prawns when frozen with liquid nitrogen (lN^ls 
as compared to plate freezers. Aurell et al. (1976) observed 
mesophilic bacterial counts <37°C) in shrimp to be reduced 
by about 40*/. when frozen by means of a plate f r e e z e r » air 
blast tunnel? or liquid freon freezant (LFF) process. 
Psychrotrophic bacterial counts (22°C) were reduced by 
approximately 50*/. when using the plate freezer or air blast 
tunnels but remained practically unchanged when using the 
L F F - p r o c e s s .
G ram-negative organismss such as E. coli > are more 
sensitive to freezing than gram-positive organisms (ICMSFs 
1980a; Simmonds and Lamprecht, 1985). While coliforms have 
been reported to survive long periods in frozen storage 
(Lamprecht and Elliots 1 9 7 1 )s Varga and Doucet (1984) 
observed a 75*/. reduction in the number of fecal coliforms 
after freezing fresh fish at -30°C for ca. 24 hr. Some 
foodss howevers have been shown to provide a level of 
protection from the harmful effects of freezing to enteric
pathogens and c ertain g r a m - n egative organisms (ICMSF, 
1980a). The absence of detectable E. c o 1 i does not ensure 
the absence of enteric pathogens in a product (Mossel, 1967; 
Silliker and Gabis, 1976; ICMSF* 1978)* nor does the 
presence of non-E. coli fecal coliforms necessarily indicate 
the presence of fecal c o n t a m ination where E. c o 1i have not 
survived frozen storage <S p 1 ittstoesser et al.* 1982).
The objective of this study was to d e t ermine the 
effects of hepatopa n c r e a s  tissue* freezing method* and -23°C 
frozen storage on the numbers of indicator microorg a n i s m s  in 
freshwater crawfish meat.
MATERIALS AND METHODS 
Product p r e p aration and storage
Three lots of freshwater crawfish (Pro c a m b a r u s  clarki i 
and P. acutus a c u t u s ) meat were obtained from a commercial 
processor at two week intervals during May and June. Half of 
the meat in each lot was washed (W) in water to remove 
adhering h e p a t o p a n c r e a s  tissue that was left adhering to the 
unwashed (U) meat (a common market form* frequently 
preferred for additional flavor). Peeled and deveined meat 
was packed 2.27 kg/bag, chilled in an ice-water slush, and 
packed in ice for transportation.
At the Food S cience Department, meat was packed in Koch 
laminated nylo n / p o l y e t h y l e n e  bags (approximately 225 g/bag), 
nitrogen flushed and vacuum packed. Individually quick 
frozen (IQF) meat was packaged in the same manner
immediately after freezing. Neat was kept packed in ice 
until frozen by one of the following methods: conventional
freezing by 1 ) still ("sharp") freezing at -23°Cs or 2 ) 
blast freezing at -40°C; or cryogenic freezing with 1N^ in a 
chamber freezer (Air P roducts Cryo-Test C h a m b e r > Nodel 
C T - 1 8 1 8 - 1 2 F )5 by 3) freezing packaged meat at - 1 0 1 . 1°C 
<-150°F) or A) freezing individual tails at -59.4°C (-75°F). 
Frozen meat was stored at -23°C for 72 weeks.
Samplino
In order to establish a base number of microorganisms, 
each lot of processed crawfish meat, with or without 
hepatopancreas, was sampled (A samples of each type) before 
freezing. During frozen storages 1 sample per treatment per 
lot was removed and sampled at 1 w k , 6  wks, and every 6  wks 
thereafter for 72 wks.
Sample preparation
Frozen samples were partially thawed in a 3°-4°C 
w alk-in cooler for a p p r o ximately 14 hours. The initial fresh 
and the subsequent thawed samples <25 g) were blended with 
250 mL 3°C saline p eptone water <0.1*/. peptones 0.85*/. NaCl , 
0.01*/. antifoam B). A p p r o p r i a t e  dilutions were made for 
plating and coliform enum e r a t i o n  (APHAs 1984; FDAs 1984).
Microbiological analyses
Aerobic p 1 ate count (A P C ) . Two sets of du p l i c a t e  plates
-1 -3
were prepared from dilutions of 1 0  to 1 0  by the pour 
plate method with tryptone glucose extract (TGE) agar. 
Plates were incubated at 7°C for 10 days for psychrotrophic 
organisms? or 35°C for 48 h for mesophilic organisms (APHA, 
1984; FDA, 1984).
Total c o l i f o r m s , fecal c o l i f o r m s , and E s c h erichia c o l i . 
The 3-tube most p r obable number (MPN) method was used to 
determine total coliform and fecal coliform numbers, by 
culturing in lauryl sulfate tryptose broth (LST), incubated 
at 35°C, followed by subculturing in EC broth, incubated at 
45.5°C. Positive EC tubes were subcultured on Levine eosin 
methylene blue (EMB) agar. Typical colonies were confirmed 
by IMViC patterns <APHA, 1984; FDA, 1984).
Statistical analyses
Analysis of data for APC, total coliforms, fecal 
coliforms, and E. coli was by analysis of v ariance (ANOVA) 
and regression. D u n c a n ’s multiple range test was used to 
determine significant differences at the F=0.05 level 
between means (Snedecor and Cochran, 1967).
R ESULTS AND DISCUSSION 
Aerobic plate counts
APC 35°C (mesophilic c o u n t s ) . The mean mesophilic count 
(log 10) per gram of fr o z e n  meat (4.08) varied only 0.11 
from that of fresh meat (3.97), indicating little overall 
effect of freezing and frozen storage. Freezing method did
not have a significant effect <p>0.05> on mesophilic counts. 
These data confirmed similar findings of other researchers 
(Simmonds and Lamprechtj 1985).
Minor variations <<0.2 log) in mesophilic counts during 
frozen storage were significant <p<0.05) by ANOVA* but there 
was no linear trend <p>0.05) (Fig.l). These findings were
not consistent with the ca. 1 log mesophilic APC decreases
observed in other crustacean products during frozen storage 
<Mi jayama and Cobb* 1978 5 Hale and Waters* 19815 Bates et 
a l .* 1985). Differences in product type and storage
conditions may have contributed to the inconsistent 
findings. Furthermore* Mijayama and Cobb <1978) observed 
that vacuum packaged products maintained higher A P C ’s than 
did corresponding glazed treatments. The nitrogen flush and 
vacuum pack used in the present study could have helped to 
preserve microorganisms by minimizing the deleterious 
effects of oxidation.
Mean A P C ’s of frozen crawfish meat packed with
hepatopancreas <*+.^7> were significantly higher <p<0 .0 0 0 1 ) 
than in meat without it <3.70) (Fig.l). These differences 
were due in part to the washing of the meat to remove 
h e p a t o p a n c r e a s * a procedure that also washes off some 
bacteria. In addition* the fat in the hepatopancreas may 
have a protective effect on microorg a n i s m s  present. The APC 
d ifferences found in this study were consistent with the 
findings of Mijayama and Cobb <1978) in frozen prawns.
APC 7°C (psychrotrophic c o u n t s ) . The mean psychrotrophic
count of fresh crawfish meat (3.18) was higher than that of 
frozen meat (2.56), indicating a higher mortality of this 
group of organisms. This may have been the result of a 
die-off of P s e u d o m o n a s ) a gram-negative species particularly 
susceptible to freezing (ICMSF, 1980aj Simmonds and 
Lamprecht, 1985), and likely to represent a major part of 
the psychrotrophic flora of a blanched, ice-chilled 
crustacean product.
Differences in psychrotrophic counts attributable to 
freezing method were minor (ca. O.S - 0.3 log), yet
significant (p<0.01) by ANOVA. D u n c a n ’s analysis showed 
packaged samples cryogenically frozen at - 1 0 1 . 1°C <-150°F)
had significantly <p<0.05) lower counts than did the other 
treatments. Numbers varied significantly <p<0.0001) as a 
function of storage time, with a significant <p<0 .0 0 0 1 ) 
negative linear trend (Fig.l). This drop in numbers is 
consistent, although not as great, as observed in prawns by 
Hale and Waters (1981). Psychrotrophic counts were 
significantly higher in samples containing hepatopancreas 
<p<0.0001) (Fig.l).
Co 1 iforms and E. coli .
The numbers and incidence of detection (Table 1) of 
total coliforms (TC), fecal coliforms <FC), and E. coli in 
the crawfish meat during frozen storage were variable, 
probably due to initial inconsistent numbers present in the 
fresh, commercially processed product. Consequently,
coefficients of variation (C.V.) for the ANOVA were quite 
high <262.74, 456.80, and 802.01, respectively). Only data 
for TC <Table 1) indicated significant effects of time 
<p<0 .0 1 ), and the presence of hepatopancreas <p<0 .0 1 >.
Regression analysis also was limited by high C . V . ’s, 
which were 286.08, 504.07, and 826.04 for TC, F C , and E.
c o l i , respectively. Analysis of TC numbers indicated 
significant <p<0.05) quadratic trends, and FC numbers 
indicated significant <p<0.05> cubic trends. Trends for E. 
coli were not significant, but considering the high C.V., 
the F values of 0.08, 0.06, and 0.06 for cubic, quadratic,
and linear trends were notable.
Results of this study showed a similar mortality rate 
of coliforms and E. coli to the 95*/. or more reported in 
prawns during freezing and frozen storage (Simmonds and 
Lamprecht, 1985). Duration of survival of fecal coliforms 
and E. coli was greater in crawfish meat packaged with 
hepatopancreas (Table 1), which seemed to afford some sort 
of protection from the lethal effects of freezing and frozen 
s t o r a g e .
SUMMARY AND CONCLUSIONS
Results indicate that using good commercial practices 
for packaging, freezing, storing, and thawing freshwater 
crawfish meat has a negligible effect on the mortality rate 
of mesophilic and psychrotrophic bacteria. These organisms 
were a surprisingly good index of product quality even after
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72 wks of frozen storage. The survival of c o l iforms and 
c o 1 i up to 72 weeks at -23°C appeared to be enhanced by 
presence of hepatopancreas tissuej possibly due to 
p r o t ective effect afforded by lipids in the tissue.
E.
the
a
Table 1. Incidence of total coliforms <TC)j fecal coliforms 
<F C )? and E. coli (EC) in washed <W) and unwashed <U> 
crawfish meat stored at -53 C._______________________________________
Week
TC (MPN/o) FC (M P N / a ) EC (MPN/o)
W U W U W U
0 3.E* IE.4 0.1 S. 1 0.1 1 . 1
(7) ( IE) (3) (9) (3) (6)
1 3.0 19.E O.E 4.9 0.1 4.0
(11) ( IE) (S > (9) < 1 ) (8)
6 1.3 3.6 0.3 0.9 O.E 0.4
< 10) < IE) (5) (7) (5) (7)
IS
Oa-3" 10.1 0.3
in•o 0.1 0.4
(8) ( IE) (4) ( 10) (E) (8)
18 0.9 5.3 0.1
in•o 0.1 0.3
( 10) ( 10) (3) (8) (3) (7)
£4 1 .£ 4.5 0.4 0. 1 0.3 0. 1
(9) < IE) (7) (4) (4) (3)
30 0.6 3.6 0.0
CU•O O a o O .E
(5) (11) (0) ( 10) (0) (6)
36 1.0 4.4 O.E 0.3 0.1 O.E
( 10) (11) (4) (7) (E) (5)
4£ O.E E.E 0.0 0.6
Oao 0.1
(5) (11) ( 1 ) (5) (0) (3)
48 0.7 S. 5 0. 1 0.5 o • o 0.1
(8) (9) (3) (5) (1) (3)
54 0.4
inru 0. 1 0.7
oao 0 .3
(7) (IE) (E) (8) (0) (6)
60 0.5 S . 6 0.1 1 . 1
oao 0.8
(6) < 10) (3) (4) (1) (E)
66 0.6 E.6 0.0 0.1 0.0
Oao
(5) ( 10) (0) (E) (0) (1)
7E 0.3 1.9 0.0 0.1
o
a
o
0. 1
(6) ( 11 ) ( 1 ) (5) (0) (4)
a Mean MPN of IE samples (3 each) of 4 freezing methods). 
M P N ’s of <0.3/g treated as 0.0 for arithmetic purposes. 
Number of pos i t i v e  samples (out of a p o ssible IE).
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Figure 1. Aerobic plate counts <APC 35°C and 7°C^ of washed 
(W) and unwashed <U) crawfish meat stored at -S3 C.
Effect of freezing method* pH* hepatopancreas, and 
frozen storage at -S3 C on the texture of frozen 
freshwater crawfish (Procambarus s p . ) meat
ABSTRACT
Commercially processed crawfish meat, with or without 
adhering hepatopancreas, was frozen by one of two 
conventional or two cryogenic methods prior to 72 weeks of 
storage at -23°C. Mean shear force of thawed meat (2.246 
kg/g) was 25*/. higher than that of fresh meat <1.795 kg/g). 
Freezing method did not significantly affect texture 
<p>0.05), as indicated by Instron shear force <0.037 kg/g 
maximum difference), or sensory evaluation. The pH of meat 
(mean 7.28) was not s ignificantly <p>0.05) correlated with 
shear force. Shear force of stored meat packed with 
hepatopancreas was slightly but significantly <p<0 .0 0 1 ) 
<0.104 kg/g) softer than washed meat. Highly significant 
<p<0 .0 0 0 1 ) increases in shear force were observed during 
storage, with minimum values <2.005 kg/g) observed at 24 wks 
and a maximum <2.755 kg/g) at 54 weeks.
INTRODUCTION
The texture of muscle tissue is considered to be one of 
its most important quality attributes. In seafoods, freezing 
and frozen storage ha v e  long been recognized as factors 
which cause development of undesirable texture 
characteristics, p a r t i cularly toughening. In addition,
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muscle tissue pH and enzymes have been observed to 
contribute to undesirable textural changes during frozen 
s t o r a g e .
Because of seafood seasonality, perishability, and 
distance to markets, freezing maximizes the use of fishery 
resources. Seafood products respond differently to the 
effects of freezing methods and frozen storage conditions. 
Consequently, an evaluation of available options identifies 
those factors that maximize quality, shelf life, and 
profi t a b i 1 i t y .
Finfish and shellfish frequently have been reported to 
benefit from quick freezing (Tressler, 1932; Rogers and 
Binsted, 1972; Hultin, 1 9 B 5 ) , while intermediate freezing 
rates have sometimes been shown to be more detrimental to 
muscle tissue than slow freezing <Hultin» 1985). Jul (1984) 
observed that many studies have failed to show differences 
in quality between intermediate and fast (i.e. cryogenic) 
freezing rates.
Quick freezing, with cryogenic processes (i.e., liquid 
nitrogen CIN^D or liquid carbon dioxide CICO^D) or immersion 
processes (i.e., liquid freon freezant CLFF3 or dichlorodi- 
fluoromethane C D D M jI) sometimes produce quality advantages 
over slower methods (i.e., sharp or still, and blast), when 
freezing crab (Gangal and M a g a r , 1963; FMC Corp., 1969;
Ampola and Learson, 1971; Strasser et a l ., 1971; Cook and
Lofton, 1979; Col e m a n  et al., 1 9 B 6 ) , and rock lobsters 
(Simmonds et al., 1984). While the previous workers found
improvements in factors such as sensory quality? appearance? 
drip? and texture? others have been unable to demonstrate 
similar advantages when quick freezing several finfish and 
shellfish (Anonymous? 1965? Bucholz and Pigott? 1972? Aurell 
et a l .? 1976; Houwing? 198^).
Quick freezing has also be e n  shown to be a factor in 
increasing the high quality shelf life of frozen seafood 
products (Ampola and Learson? 1971? Sebranek? 1982) given 
proper storage conditions? while slower freezing resulted in 
poorer sensory quality after frozen storage (USDC? 1970).
Deterioration of frozen seafood products can be 
minimized by protecting them from oxidation and desiccation. 
Packing in oxygen impermeable films has been shown to be 
effective protection? but r e quires oxygen removal by vacuum 
or displacement with an inert gas such as n itrogen (Connell?
1975). Minimizing exposure to atmospheric oxygen is 
p articularly important for fatty fish (Jul? 198A). Vacuum 
packaging has been shown by some to improve frozen shelf 
life (Dassow et al.? 1962? FMC Corp.? 1969? Strasser et al.? 
1971; Mijayama and Cobb? 1977; Badonia? 1981; Reddy et a l .? 
1981)? while others found no similar advantage (Webb et a l .?
1976).
Several r e s e archers have demonstrated a correlation 
between pH and fish texture. Lower pH levels are associated 
with tougher fish muscle (Cowie and Little? 1966; Kelley et 
al.? 1966; Connell and Howgate? 1968; Love et al.? 197^; 
Dunajski? 1979). This effect has been demonstrated to be
more consistent within a species <Feinstein and Buck? 1984), 
and more pronounced below pH 6.7 (Dunajski, 1979). Little pH 
change has been observed in muscle tissue as related to 
storage time or temperature of fish (Bosund and Beckeman, 
1972) or shellfish (Webb et al., 1975; Webb et a l . > 1976;
Hale and Waters, 1981; Maxwel1-Mi 1 ler et al . , 1982).
Histological studies have linked enzymes in crustacean 
hepatopa n c r e a s  tissue with proteolysis of tail muscle 
(Rowland et al», 1982). The presence of this tissue has been 
associated with softening of fresh or t h a w e d , ice-stored 
tail meat (Nip and Moy, 1979; Nip et a l ., 1985a; Marshall et 
a l . 5 1987) and frozen tail meat (Hale and W a t e r s , 1981).
Conversely, Mijayama and Cobb (1977) did not o bserve similar 
tissue softening in freshwater prawns. B r eakdown of 
hepatopancreatic lipids into unsaturated fatty acids, that 
can denature and toughen myofibrils (Hultin, 19B5), could 
have mediated textural changes in crustacean tail meat.
Once seafood p roducts have been frozen and packaged, 
further dete r i o r a t i o n  is affected primarily by temperature 
and duration of frozen storage (Dagbjartsson and Solberg, 
1972; Rogers and Binsted, 1972; Connell, 1975; Ronsivalli 
and Baker, 1981; Jarman, 1982; J u l , 1984; Summers, 1984;
Gates et al., 1985; Hultin, 1985). B ecause fish and 
shellfish have been reported to be more s e nsitive to the 
effects of frozen storage than other muscle tissues (Rogers 
and Binsted, 1972; Ronsivalli and Baker, 19B1; Hultin, 
1985), it is considered especially important that storage
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temperature be kept low. A temperature of -18°C has been 
suggested as a maximum acceptable storage temperature 
(Strasser et a l ., 1971; Hallowell, 1980; Jul, 1984; Hultin, 
1985). Maintaining frozen products at low temperatures is 
also an e f fective way of preventing ice crystal growth, 
shown to occur at storage temperatures above approximately 
-10°C (Moran, 193E; Fennema et a l ., 1973; Bevilacqua and
Zaritsky, 1988), but not below -S0°C (Moran, 1938). It has 
been questioned whether the benefits obtained from storing 
fishery products at temperatures <-18°C warrant the 
additional energy costs (Jarman, 1988; Houwing, 1984). 
Connell (1975) observed that even at -18°C, fish that was 
f rozen fresh will keep in good condition for only 8  to 4 
m o n t h s .
The o b j ective of this study was to d e termine the 
effects of freezing method, pH, hepatopancreas, and -33°C 
frozen storage on the texture of freshwater crawfish meat.
M A TERIALS AND METHODS
Product pre p a r a t i o n  and storage
Three lots of freshwater crawfish (Procambarus clarki i 
and P. acutus a c u t u s ) tail meat were obtained at two week 
intervals from a commercial processor in Louisiana. Meat was 
hand peeled and deveined from crawfish that had been 
blanched by placing live crawfish in boiling water until a 
r eturn to boil was reached (7 min). Half of the meat in each
lot was washed <W) of hepatopancreas tissue* that was left 
adhering to the unwashed (U) meat <a common market form* 
frequently preferred for additional flavor). Freshly peeled 
and deveined meat was packed 2.27 kg/bag* chilled in an 
ice-water slush* and packed in ice for transportation.
At the Food Science Department* meat was packed in Koch 
laminated nylon/polyethylene bags (approximately 225 g/bag)* 
nitrogen flushed and vacuum packed. Individually quick 
frozen <I Q F ) meat was packaged in the same manner 
immediately after freezing. Meat was kept packed in ice 
until frozen by one of the following methods: conventional
freezing by 1) still ("sharp") freezing at -23°C, or 2)
o 5blast freezing at -40 C> or cryogenic freezing with IN in a
chamber freezer (Air Products Cryo-Test Chamber* Model
C T - 1 8 1 8 - 1 2 F )* by 3) freezing packaged meat at - 1 0 1 . 1°C
<-150°F) or 4) freezing individual tails ("IQF") at -59.4°C
(- 7 5 ° F ).
Frozen meat was stored at -23°C for 72 weeks.
Samplino and sample preparation
For each lot* sample packages of crawfish meat from the 
eight treatments (4 freeze X 2 wash) were randomly selected 
at 1 wk* 6 wks* and every 6  wks thereafter for the duration 
of the study. Packaged meat was left to thaw overnight 
(approximately 18 hours) in a 3-4°C walk in cooler* and 
brought to room temperature (23°-25°C) just prior to use for 
Instron analysis or sensory evaluation.
Texture analysis by Instrcm shear force
Prior to analysis, adhering hepatopancreas was washed 
from U crawfish meat samples and then drained 10 minutes.
Six replicate samples of meat (approximately 25 g) from 
each treatment were analyzed in a completely randomized 
block design. Texture was determined with an Instron 
Universal Testing Machine (Model 1122), fitted with a 
10-blade Kramer food testing attachment. Methods used were 
like those described by Marshall et al. (1987).
Peak height (mm) was used for determining shear force 
(kg/g) of samples.
Statistical analysis of data to determine differences 
due to lot, treatment, and frozen storage time was by 
analysis of variance. D u n c a n ’s multiple range test was used 
to determine differences between treatment and time period 
means. Regression was used to determine trends throughout 
storage. Pearson correlation coefficients were used to 
determine relationships between shear force and sample size, 
mean tail weight and time (Snedecor and Cochran, 1967; Ott,
1977).
Texture evaluation by sensory panel
Sensory e v a luation of crawfish meat texture was by a 
trained 10 member panel of Food Science Dept. faculty, 
staff, and students. A multiple comparisons test, as 
described by Larmond (1977) was used to evaluate samples in 
a completely randomized block design. Samples were presented
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to panelists in partitioned booths under red lights? to 
minimize bias that could be imparted by meat color. Water 
and apples were available for clearing the palate between 
sample evaluation. Approximately 12 g samples of crawfish 
meat from each treatment were placed in small paper cups 
labeled with 3-digit codes? and placed on paper plates. Meat 
packaged without adhering hepatopancreas tissue was 
evaluated first? separately from that with the tissue. In 
both evaluations? samples of all four freezing treatments 
were compared to the reference? a blind sample of freezing 
treatment ^ (IQF). Panelists were instructed to chew all 
crawfish tails in each sample before evaluating texture. 
P anelists rated sample texture? using verbally ranked 9 
point scales.
Analysis of data was by Chi-square analysis of 
frequency distribution? for differences due to treatments 
and time of storage.
Measurement of oH
Crawfish meat pH was measured by direct contact with an 
Orion surface pH electrode (Serial No. 816300)? a method 
used by Nip et a l . (1985b) to monitor pH changes related to
muscle degradation. Measurements were made on 5 randomly 
selected thawed tails from each treatment during each 
sampling period.
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RESULTS AND DISCUSSION
Freezing method
Freezing crawfish meat resulted in t o u g h e n i n g , as 
indicated by increased shear force values in samples 
evaluated at one week <Fig. 1). Mean shear force of fresh 
meat was 1.795 kg/g, while that of samples frozen one week 
was £.058 kg/g.
The texture of meat frozen by different methods was not 
significantly different <p>0.05), as determined by ANOVA of 
shear force data (Table 1), or Chi-square analysis of 
sensory data <p>0.05). Meat frozen by methods 1 through 4 
had 1 wk shear force values of £.054* £.065* £.005* and
1.987 kg/g* respectively. The greater shear force of blast 
frozen meat could reflect more extensive denaturation of 
protein* sometimes observed at intermediate freezing rates 
(Hultin* 1985). The lower shear force of cryogenically 
frozen meat indicated some benefit associated with quick 
freezing, as observed by others (Tressler, 193£j Rogers and 
Binsted, 197£; Hultin, 1985).
Hepatopancreas
The texture of washed <W) fresh meat was not 
s ignificantly different (p>0.05> than that of the fresh 
unwashed (U) meat, with adhering hepatopancreas. The 
difference in shear force b etween W (mean £.898 kg/g) and U 
(mean £.194 kg/g) frozen stored samples was small (Fig. £)*
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but highly significant as determined by ANOVA <Table 1)> and 
D u n c a n ’s multiple range test <p<0.05). Chi-square analysis 
of sensory data also indicated a highly significant 
d ifference <p<0.0001> in texture rating distributions 
between W and U meat (Fig. 3).
The softer texture of meat stored with hepatopancreas 
tissue indicated that proteolytic enzyme activity remained 
in the tissue after the blanching process. Activity was not 
great enough to affect the texture of fresh tissue held on 
ice for approximately E4 hr. Proteolysis was not prevented 
by frozen storage at - E 3 0C 5 as indicated by the softening of 
U meat during storage. Results concurred with findings of 
Hale and Waters (1981).
Did
The d i f ference in pH of fresh <7.£86) and frozen 
<7.£81) crawfish meat was negligible. Although the change in 
pH during storage was small (Fig. 4)» it was significant by 
ANOVA (Table 1). Freezing method did not have a significant 
effect on pH of meat (Table 1). The difference in pH between 
W (7.316) and U (7.E5E) meat (Fig. 4) was marginally 
significant by ANOVA (Table 1>» and significant (p<0.05) by 
D u n c a n ’s .
The effect of pH on fish texture has been reported to 
be much less pronounced at pH levels above 6.7 ( D unajski5 
1979). This could e xplain why pH differences in the range 
found in this study (approximately 7.E5 - 7.35) did not
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correlate with differences in texture. The negligible change 
in pH during storage concurred with findings of others (Webb
et a l . ; 1975; Webb et al . , 1976; Hale and Waters, 1981;
Maxwel 1-fii 1 ler et al.,1982).
Lower pH levels have been associated with tougher fish
(Love et a l ., 1974). In the present study, the meat (U) with
the lower pH was softer. This suggested that the presence of 
proteolytic enzymes in hepatopancreas tissue had a stronger 
influence on meat texture than did the toughening effect of 
p H .
Frozen storage
The shear force values of crawfish meat increased 
significantly during frozen storage, as determined by ANOVA 
(Table 1), and had a significant (p<0.05) p o sitive linear 
trend. Highly significant correlations were observed between 
shear force and time (Table S ) . D u n c a n ’s analysis confirmed 
significant differences <p<0.05> in shear force over time, 
with lowest values (mean S . 005 kg/g) observed at 24 wks, and 
highest values (mean S . 755 kg/g) at 54 weeks.
Results show that texture was affected to a greater 
extent by frozen storage than by freezing or freezing 
method. This substantiated C o n n e l l ’s (1975) o b s e rvation that 
of properly frozen fish, little loss in quality results from 
the freezing process. Plank et a l . (1916) stated that the
majority of changes in frozen products develop during frozen 
storage, and Fennema (1968) ranked frozen storage first
10<^
among factors that affect the quality of frozen food.
The presence of hepatopancreas on U meat was associated 
with lower shear force values throughout the study (Fig. S). 
Chi-square analysis of sensory data showed frequency 
patterns of texture ratings of W meat were significantly 
different from those of U meat in different storage periods 
(Figs. 5) 6, and 7). As storage time i n c r e a s e d 5 the U meat 
was more frequently rated as softer than the reference? 
while the W meat was more frequently rated as firmer. The 
shifting patterns indicated that panelists were able to 
detect textural changes such as proteolytic softening 
effects of hepatopancreas tissue, and toughening effects of 
frozen storage.
There was a significant linear trend (p<0.05> in pH of 
cryogenically frozen W meat (treatments 3 and 4), and a 
significant quadratic trend (p<0.05> in c r y o g e n i c a 11y frozen 
unwashed meat (treatments 7 and 8). These findings did not 
help explain textural changes, however, as pH and shear 
force were not significantly (p>0.05) correlated, and 
freezing method did not significantly (p>0.05> affect the 
t e x t u r e .
SUMMARY AND CONCLUSIONS
The texture of fishery products, such as crawfish meat, 
is one of the most important sensory qualities. Maintaining 
a desirable texture after freezing and frozen storage is 
important to the value of the product. Several factors known
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to have significant detrimental effects on the textural 
quality of frozen fishery products have been evaluated in 
this study using freshwater crawfish meat.
Frozen storage had the greatest effect on texture. 
Sensory panelists detected undesirable changes* but at no 
time was the product considered rejectable based on texture. 
Should it be necessary to maintain crawfish meat in 
commercial cold stores for periods considerable longer than 
72 wks* lower temperatures recommended by a number of 
researchers might be considered.
Proteolytic enzymes in the hepatopancreas tissue had a 
softening effect on the texture of crawfish meat. Some 
panelists observed that this tenderizing effect seemed to 
counteract toughening effects of frozen storage. If 
breakdown of lipid material in the fatty hepatopancreas 
tissue contributed to the denaturation and toughening of 
myofibrils in the muscle tissue* the effects were masked by 
p r o t e o l y s i s .
The pH of crawfish meat was not found to have any 
significant bearing on texture* and was not a useful 
indicator of significant textural changes that occurred 
during frozen storage.
All of the freezing m ethods used in this study were 
considered highly acceptable relative to the textural 
quality produced. Cryogenic freezing methods* in some 
instances* have been reported to produce better products 
initially, as well as enhance frozen shelf life. In this
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studyj small differences in texture due to freezing method 
were not significant initially or throughout storage.
Furthermore) there was no significant interaction between
the freezing method and storage time.
Table 1. Results of analysis of variance on shear force data for both 
___________ fresh and frozen crawfish meat. _________________________________
_______________ Shear force__________________   gH___________
Fresh Frozen________ Fresh Frozen
W/U W/U W U W/U W/U
Time N A a
XI 
1
OOO•o 0 .0001 0.0001 NA 0.0015
NA 107.67^ 53.78 54 .15 NA 3.11
NA IE, 36 IE,36 IE, 36 NA IE, 36
Wash 0.31 **5 0.0006 NA NA 0.E830 0.0551
1 .76 19.58 NA NA E. IE 4.38
1 ,5 1 , 14 NA NA 1 ,5 1,14
Freeze NA 0.6511 0.6396 0.0306 NA 0.8134
NA 0.56 0.56 3.09 NA 0.3E
NA 3, 14 3,6 3,6 NA 3,14
C.V. 1.6087 5.905 5.938 5.866 0.940 0.7S9
Mean 1 .795 E.E46 S.E98 E. 194 7. S86 7.S81
k Not applicable 
Probab i1 i ty
c  rr ,^ F value
Degrees of freedom
Table 2. Correlation of crawfish meat shear force 
values with storaae time._______________________________
GrouD Wks 1-72 Wks 1-36 Wks 42-72
All lots 0.6638® 0.2258 0.4703
0.0001 0.0032 0.0001
Lot 1 0.7174 0.0510 0.6196
0.0001 0.7091 0.0001
Lot 2 0.6804 0.3253 0.4681
0.0001 0.0144 0.0008
Lot 3 0.6516 0.3555 0.4559
0.0001 0.0072 0.0011
k Pearson correlation coefficient 
probab i 1i ty
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Figure 1. Effect of freezing method <F) on shear force of of 
crawfish meat. Methods FI - F^ are still » blast) 1N^ 
in-pack) and lNg-IQF» respectively.
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Figure 2. Effect of hepatopancreas on shear force 
crawfish meat.
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Figure 3. Sensory texture scores for washed and unwashed 
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crawfish meat: weeks 30 - 48.
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Figure 7. Sensory texture scores for washed and unwashed 
crawfish meat: weeks 5^ - 72.
Factors affecting the drip loss and moisture content 
of frozen freshwater crawfish (Procambarus s p .) meat
ABSTRACT
Commercially processed crawfish meat was frozen by one 
of two conventional or two cryogenic methods? prior to 72 
weeks of storage at -23°C. Freezing method had a significant 
effect on thaw drip loss < p < 0 . 0 0 0 1 ) and moisture content 
<p<0.05) of meat. Frozen storage was associated with 
significant <p<0.0001) changes in drip loss and moisture. 
There was a significantly higher <p<0.001) drip loss from 
meat packed with adhering hepatopancreas tissue <7.80*/.), 
than in meat packed without it (6.86*/.). There was a small, 
but significant <p<0.001> correlation between pH and drip 
(-0.295), and drip and moisture (-0.285) in meat packed 
without hepatopancreas. Meat frozen by cryogenic methods had 
a significantly <p<0.05) higher moisture content and lower 
drip loss than conventionally frozen meat.
INTRODUCTION
Moistness, or succulence, is an important sensory 
quality in seafood (Connell, 1975). Desiccation during 
frozen storage and thaw drip losses may deplete muscle 
tissue of moisture.
The measurement of thaw drip loss is a well established 
indicator of quality for frozen seafoods (Bucholz and
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Pigott? 1972; Gibbard? 1970; Shenouda? 1980; Jarman? 1982; 
Jul , 1984; Hultin? 1985). Thaw drip loss is also a simple? 
well correlated indicator of protein denaturation, as 
affected by freezing and frozen storage (Shenouda? 1980; 
Jul? 1984; Hultin? 1985). Protein denaturation has been 
associated with undesirable texture changes in many frozen 
fishery products <Connell? 1975).
Many researchers have demonstrated a significant 
relationship between freezing rate and the amount of drip 
exuded from thawed muscle tissue. Findings vary 
considerably. Structural damage? caused by formation of 
large ice crystals? has been demonstrated to increase as 
freezing rate decreases (Piskarev et al.? 1971; Nusbaum? 
1979; Coleman et a l .? 1986). Tissue damage has been
implicated in both higher (Plank et a l .? 1916) and lower
drip losses (Jul? 1984); explanations for these occurrences 
have included "leakage" from cells? and water binding 
capacity of released myofibrillar proteins? respectively 
(Jul? 1984). The relationship between ice crystal formation 
and drip loss is not clear.
Protein denaturation can occur during freezing and has 
been clearly associated with drip (Shenouda? 1980). Slow 
freezing enhances protein denaturation caused by the 
concentration of solutes and altered pH (Hultin? 1985). This 
type of denaturation occurs most rapidly at -3° to -5°C 
(Connell? 1975). Consequently? the faster the product is 
moved from 0° to -5°C? the better.
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Quality d eterioration is associated with changes in 
moisture content. Desiccation caused by sublimation of ice 
crystals during frozen storage (Hultin, 1985) has been shown 
to be a problem in frozen fishery products (Faulkner and
Watts, 1955; Gangal and M a g a r , 1963; Pawar and Magar, 1966; 
Rogers and Binsted, 197E; Nagle and Finne, 1980; Hallowell, 
19805 Shenouda? 1980; Gates et al. 1985). This problem can 
be reduced by glazing (Pawar and Magar, 1966; Nagle and 
Finne, 1980). Glazing is cheap and effective, but not always 
practical, due to physical limitations, p r o portion control, 
and evaporation (Connell, 1975). Vacuum packing can be more 
efficient, but is frequently only applied to smaller more 
expensive p r oducts (Connell, 1975). Oxygen impermeable films 
enhance the keeping quality of seafood when combined with
glazing, vacuum packing (Jul, 1984), or displacement of 
oxygen with an inert gas such as nitrogen (Connell, 1975). 
Provided packaging material remained undamaged, Mijayama and 
Cobb (1977) observed little dehydration in vac u u m  packaged 
prawns, compared to the standard glazed product.
A lower pH of fish muscle is known to influence the
denaturation of myofibrils and reduce water holding 
capacity, resulting in a tougher, dryer product (Dunajski, 
1979). The c o r r elation b etween lower pH levels and tougher 
fish muscle has been demonstrated (Cowie and Little, 1966; 
Kelley et al., 1966; Connell and Howgate, 1968; Love et al., 
1974; Dunajski, 1979). The pH of fishery p r oducts has been 
monitored during frozen storage to evaluate its relationship
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to quality deterioration (e.g., texture and moisture
changes). Often, little or no pH change has been observed in 
muscle tissue as related to storage time or temperature of
fish (Bosund and Beckeman, 1972), shrimp (Webb, et al.,
1975), crab (Webb et al., 1976), prawns (Hale and Waters, 
1981), or scallops (Maxwel1-Mi 1 ler et a l ., 1982). A
relationship between pH and drip loss or m o i s t u r e  content in 
frozen crawfish meat has not been demonstrated.
Digestive enzymes from the hepa t o p a n c r e a s  of the 
freshwater prawn have been associated with softening of 
muscle tissue during iced (Nip and Moy, 1979) and frozen 
(Hale and Waters, 1981) storage. Histological studies have 
d emonstrated the role of d i gestive enzymes in the breakdown 
of prawn muscle structure (Rowland et a l ., 1982). At least
two of the enzymes thought to be involved have been 
isolated: trypsin (Lee et a l ., 1980) and c o l l a g e n a s e  (Eisen
and Jeffrey, 1969; Baranowski et a l ., 1984; Nip et a l .,
1985a). Only collagenase was found to s i g n i ficantly degrade 
prawn tissue (Baranowski et a l ., 1984). This enzyme fraction
demonstrated activity at 0°C (Nip et a l ., 1985a), and
consequently may cause tissue breakdown during frozen 
storage. Such breakdown could affect m o i s t u r e  and drip 
losses in frozen c r u stacean p r oducts stored with 
hepatopancreas tissue.
The objective of this study was to determine the 
effects of freezing method, pH, hepatopancreas, and -23°C 
f rozen storage on the drip loss and m oisture content of
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freshwater crawfish meat.
MATERIALS AND METHODS 
Product p r e p aration and storage
Three lots of freshwater crawfish < Procambarus clarki i 
and P. acutus a c u t u s ) tail meat were obtained at two week 
intervals from a commercial processor in Louisiana. Meat was 
hand peeled and deveined from crawfish that had been 
blanched by placing live crawfish in boiling water until a 
r eturn to boil was reached <7 min). Half of the meat in each 
lot was washed <W) to remove hepatopancreas tissues that was 
left adhering to the unwashed (U) meat <a common market 
forms frequently preferred for additional flavor). Freshly 
peeled and deveined meat was packed E.27 k g / b a g 5 chilled in 
an ice-water slushs and packed in ice for transportation.
At the Food Science Departments meat (approximately 225 
g/bag) was packed in Koch laminated n y l o n /polyethylene bags 
(moisture and vapor p r o o f ) , nitrogen flushed and vacuum 
packed. Bags were labeleds and the meat in each bag was 
weighed and recorded for later use. Individually quick 
frozen (IQF) meat was packaged in the same manner 
immediately after freezing.
Meat was kept packed in ice until frozen by one of the 
following methods: conventional freezing by 1) still
("sharp") freezing at -23°Cs or 2) blast freezing at -^0°Cj 
or cryogenic freezing with 1N^ in a chamber freezer (Air 
Products Cryo-Test Chambers Model CT - 1 8 1 8 - 1 2 F ), by 3)
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freezing packaged meat at - 1 0 1 . 1 °C (-150°F)s or <^ > freezing 
individual tails (,,I Q F ,’) at -59.4°C <-75°F).
Frozen meat was stored at -23°C for 72 weeks.
Sampling and sample preparation
For each lots sample packages of crawfish meat from the 
eight treatments <4 freeze X 2 wash) were randomly selected 
at 1 wks 6 wkss and every 6 wks thereafter for 72 wks. 
Packaged meat was thawed overnight (approximately 18 hours) 
in a 3-4°C walk in coolers and brought to room temperature 
(23°-25°C) just prior to use.
Measurement of pH
To monitor pH changes related to muscle degradations 
crawfish meat pH was measured by direct contact with an
Orion surface e l e ctrode (Serial No. 8 1 6 3 0 0), a method used 
by Nip et a l . (1985b). M e a s u rements were made on 5 randomly
selected thawed tails from each treatment during each 
sampling period.
Determination of thaw drip and moisture content
Crawfish meat in each bag was emptied into a weighed 
colanders that was placed on absorbant paper toweling. The 
meat was drained 10 min before it was weighed in the
colander. Weight of the meat was calculated by difference.
Drip loss < */.) of thawed crawfish meat was calculated as:
C(packed weight - thawed weight) X (1 / packed weight)! X
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100.
Samples of W meat for moisture determination were 
placed in Whirl Pak bags. The U meat was washed to remove 
adhering h e p a t o p a n c r e a s ? and drained as before? prior to 
taking samples for determination of moisture in the meat. 
The W meat had been given the same type of washing and 
draining when it was freshly processed. Triplicate samples 
of meat (approximately 7 g ) from each treatment were weighed 
to 4 decimal places in tared aluminum drying pans. Samples 
were dried (Precision Gravity Convection Oven? Model 17) 2^
hours at 115°C? cooled in a desiccator? and weighed. Wet and 
dry weights of meat were determined by difference from pan 
weight. Moisture (*/.) was calculated as: C(wet weight - dry 
weight) X (1 / wet weight)] X 100.
Statistical analysis of data to determine differences 
due to lot? freezing method? the presence of hepatopancreas? 
and frozen storage (time) was by analysis of variance. 
D u n c a n ’s multiple range test was used to determine 
differences between treatment and time period means. 
Regression was used to determine trends throughout storage. 
Pearson correlation coefficients were used to determine the 
significance of relationships between pH? drip? and moisture 
(Snedecor and Cochran? 1967? Qtt? 1977).
Moisture e v a l uation by sensory panel
Sensory evaluation of moisture in crawfish meat was by 
a trained 10 member panel of Food Science Dept, faculty?
1 S3
staff, and students. A multiple comparisons test, as 
described by Larmond <1977) was used to evaluate samples in 
a completely randomized block design. Samples were presented
to panelists in partitioned booths under red lights. Water
and apples were available for clearing the palate between 
sample evaluations. Approximately 12g samples of crawfish 
meat from each treatment were placed in small paper cups 
labeled with 3-digit codes, and placed on paper plates. Meat 
packaged without adhering hepatopancreas tissue was
evaluated first. In both evaluations, samples of all four 
freezing treatments were compared to the reference, which 
was freezing treatment 4 (IQF). Panelists were instructed to 
chew all crawfish tails in each sample, before evaluating 
moisture, using verbally ranked 9 point scales.
Analysis of data was by Chi-square analysis of
frequency distribution, for differences due to freezing 
method, wash, and storage time.
RESULTS AND DISCUSSION
Freezing method
The effect of freezing method on thaw drip (Figure 1) 
of crawfish meat was highly significant <p<0.0001) as 
determined by ANOVA (Table 1). Mean drip losses from meat
f rozen by methods 1 (8.85V/.) and S ( 8 . 9 7 4 M ) were not
significantly different <p>0.05) from each other. Mean drip
losses from meat frozen by methods 3 (6.893*/.) and 4 (4.593*/.)
were significantly different (p<0.05) from each other, and
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from meat frozen by methods 1 and 2.
Freezing method significantly <p<0.05) affected 
moisture (Figure 2) in crawfish meat as determined by ANOVA 
(Table 1). Mean m o isture content in meat frozen by methods 1 
(80.200%), 2 (80.209%), and 3 (80.459%) were not
significantly different <p>0.05). Moisture content of meat 
frozen by method 4 (80.478%) was not significantly different 
than that frozen by method 3.
Analysis of sensory data indicated a highly significant 
difference (p<0.0001) in the frequency patterns of moisture 
ratings (Figure 5). Meat frozen by methods 1 and 2 were 
rated less moist than that frozen by methods 3 and 4.
Slow freezing can greatly increase thaw drip (Rogers 
and Binsted, 1972; Jul, 1984; Hultin, 1985)? while very fast 
freezing (i.e. cryogenic) has been shown to be particularly 
helpful in reducing drip (Jul, 1984). Advantages in factors 
such as appearance, sensory quality, drip, and texture have 
been demonstrated when quick freezing crustaceans such as 
crabs (Gangal and Magar, 1963; FMC Corp., 1969; Ampola and 
Learson, 1971; Strasser et a l ., 1971; Webb et al., 1976;
Cook and Lofton, 1979; C oleman et a l ., 1986) and rock
lobsters (Simmonds et a l ., 1984). Results of this study
indicate that freshwater crawfish also benefit from quick 
freezing, not only in measurable quantities of drip loss and 
moisture, but also in an increased moistness perceived by 
sensory methods.
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Frozen storage
Time of frozen storage had a highly significant effect 
on thaw drip <p<0.0001) and moisture <p<0.01) as determined 
by ANOVA (Table 1). There was a highly significant (p<0.001> 
linear trend in drip loss (Figures 1 and 3). There were no 
significant trends <p>0.05) in moisture content (Figures 2 
and 4).
Chi-square analysis of sensory data showed significant 
differences in frequency of moisture ratings throughout 
storage for W meat frozen by method 3 <p<0.05) and method A 
<p < 0 . 0 1 ), and U meat frozen by method 4 (p<0.0001>. In all 
instances this involved an increased frequency in "slightly 
less moist" scores (#4) and a decrease in "slightly more 
moist" scores (#6). These differences detected were 
unanticipated since the reference was also crawfish meat 
frozen by method . Furthermore, the data presented in 
Figures 2 and 4 suggest that W meat frozen by method 1 would 
more likely be perceived as less moist. It was thought that 
moisture migration from the surface of the unglazed IQF 
crawfish meat could have influenced these results.
Fennema (1968) ranked frozen storage as the most 
important factor affecting the quality of frozen food. In 
the present study, highly recommended methods were used to 
freeze and package crawfish meat. Even though the frozen 
storage temperature was within recommended levels, there 
were highly significant effects of frozen storage time on 
the thaw drip and moisture content of crawfish meat.
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Freezing method was ranked by Fennema (1968) as the 
third most important factor affecting the quality of frozen 
food. Others have found quick freezing to be a significant 
factor in increasing high quality shelf life of frozen 
fishery products (Ampola and Learsonj 1971; Sebranek* 1982) 
given proper storage conditions. Similar findings are shown 
in Figure 1. Drip losses in conventionally frozen crawfish 
meat increased rapidly until 18 wks of storage. A much 
slower increase was observed in cryogenically frozen meat. 
Within 18 weeks* drip losses in conventionally frozen meat 
exceeded those observed in c r y o g e n i c a 1ly frozen meat at any 
time during the study. This trend suggested a more rapid and 
extensive det e r i o r a t i o n  in quality of more slowly frozen 
m e a t .
Hepatopancreas
The presence of hepatopa n c r e a s  tissue had a significant 
effect <p<0.01) on the drip loss from crawfish meat (Figure 
3), as determined by ANDVA (Table 1). Mean drip losses of W 
meat (6.861*/.) and U meat (7.796*/.) were significantly
different <p<0.05) by D u n c a n ’s test. The hepatopancreas
tissue may have contributed directly to the higher drip. The 
fresh product contained approximately 7 V, (by weight)
hepatopancreas. Unfortunately* determining an accurate 
weight of residual hepatopa n c r e a s  on the product after
thawing was difficult. Hepatopancreatic enzymes caused 
breakdown of the muscle tissue. Consequently* washing the
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meat to remove hepatopancreas also caused a loss of muscle 
f i b e r s .
Hepatopancreas also had a significant effect <p<0.05) 
on the moisture of crawfish meat (Figure 4), as determined 
by ANOVA (Table 1). The mean moisture of U meat (80.450*/.) 
was significantly greater <p<0.05) than that of W meat 
(80.223*/.), as determined by D u n c a n ’s test.
It was not anticipated that the U meat, with a higher
drip loss, would also have a higher moisture content. This
may be explained by proteolysis of muscle tissue exposed to 
h epatopancreatic enzymes. Rowland et a l . (1982) conducted a
histological study of freshwater prawn tail muscle tissue 
that was exposed to hepatopancreas tissue. They found
proteolytic activity indicated by a loss of z-line structure 
and gapping in the sarcoplasm between myofibers. Breakdown 
of beef muscle tissue during slow freezing has been
demonstrated to reduce drip loss. This is a result of 
released myofibrillar proteins that have a high water
binding capability (Jul, 1984). Increased exposure of
myofibrillar proteins in crawfish muscle, resulting from 
proteolysis, may increase the water binding capacity of
crawfish muscle in a manner comparable to that observed in 
beef. If so, the moisture content of U meat may have 
increased by absorbing moisture from the hepatopancreas 
tissue, or during the washing process. The freshly peeled W 
meat in the study was given a similar wash, however it 
occurred before extended contact with the hepatopancreas.
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There were smalls but highly significant <p<0.001) 
correlations between pH and drip (-0.29539) and drip and 
moisture <-0.28483) in W crawfish meat. There were no 
significant correlations between pH, drip, and moisture in U 
meat. This indicated that factors associated with the 
hepatopancreas tissue (i.e., enzymes) may have dominated 
other interactions.
Chi-square analysis of sensory moisture data showed 
highly significant differences <p<0.0001) in frequency 
patterns of ratings given to W and U meat (Figure 6). 
Panelists were able to perceive small moisture differences 
between freezing treatments. As seen in Figure 6, U meat was 
more frequently evaluated as the same, or more moist than 
the reference. The moisture content in meat frozen by 
methods 2 and 3 <80.478*/. and 80.551*/., respectively) were
both higher than the reference meat <80.387*/.), frozen by
method 4, and meat frozen by method 1 <80.383*/.). It was
interesting to note that even though sensory evaluation of U 
meat was done with h e patopancreas intact, the samples were 
ranked in relatively the same order as indicated by moisture 
determination (that was done without hepatopancreas). The 
panel also accurately evaluated the moisture of W meat.
Figure 6 shows a greater frequency of sample evaluations as 
being the same or less moist than the reference. Moisture 
measurement indicated that moisture was highest in the
reference <80.568*/.). Moisture in meat frozen by methods 3,
1, and 2 followed, with moisture contents of 80.368*/.,
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80.016*/.? and 79.939*/.? respectively. Results of the sensory 
evaluation indicated that small differences in the moisture 
of crawfish meat may be perceived by consumers.
pH
The pH of crawfish meat was not significantly <p>0.05> 
affected by freezing method? and was slightly <p=0.0551) 
affected by the presence of h e p a t o pancreas tissue? as 
determined by ANOVA (Table 1). A significant <p<0.05)
difference in the pH of W meat (7.316) and U meat (7.252)
was indicated by D u n c a n ’s test? however.
There were no significant correlations (p>0.05> between 
pH and drip loss or moisture? overall (i.e.? both U and W 
samples). Samples of U meat had a lower pH? higher drip 
loss? and higher moisture content (7.252? 7.796*/.? and
80.450*/.? respectively) than W meat <7.316? 6.861*/.? and
80.223*/.? respectively)? but there was no significant
correlation <p>0.05) among these values. When analyzing data 
for U and W meat separately? no significant correlations 
(p>0.05) were found in U meat. In W meat there was a
significant <p<0.001)? but small cor r e l a t i o n  (-0.295) 
between pH and drip. This could reflect dena t u r a t i o n  of 
myofibrils and a reduced water holding c apacity (Dunajski?
1979). The lack of correlation associated with the low pH
and high drip in U meat indicated that the higher drip may 
have been influenced by enzyme activity? rather than pH.
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SUMMARY AND CONCLUSIONS 
Retaining the moisture in frozen fishery products 
frozen is an important part of preserving their quality and 
value. Moistnessj one of the most important sensory 
characteristics in seafoods? can be readily lost by using 
poor freezing methods or storage conditions.
In this study with crawfish meat? quick freezing
resulted in immediate and long term improvements in quality 
of meat. Drip loss of cryogenically frozen meat was 
significantly less initially. The lower drip loss indicated 
less tissue alteration had occurred in the quick frozen 
meat. The increase in drip loss occurred less rapidly in 
cryogenically frozen meat than in conventionally frozen
meat. These results support the findings of others? who 
determined that the high quality of fishery products can be 
maintained longer in frozen storage when the products have 
been quick frozen.
The crawfish meat frozen with hepatopancreas tissue had 
a significantly higher drip loss. Although breakdown of the 
hepatopancreas itself may have contributed to this loss? it 
is considered a loss of product nevertheless.
Quick freezing resulted in significantly moister
crawfish meat. This d i f ference was not only measurable? but 
was also significantly detected by sensory evaluation. This 
is important? because the consumer ultimately will determine 
the acceptability and marketability of frozen fishery 
p r o d u c t s .
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Table 1. Results of analysis of variance on data for drip, 
___________ moisture and pH of frozen crawfish meat.______ _____
*/♦ Dr i p________*/♦ Moisture___________
T ime 0.0001® 
12.78 
12,3 6 C
0.0021
2.72
12,36
0.0015 
3.1 1 
12,36
Wash 0.0014 
15.82 
1 , 14
0.0134
7.99
1,14
0.0551 
4.38 
1 , 14
Freeze 0.0001 
75.20 
3, 14
0.0487
3.38
3,14
0.8134 
0.32 
3, 14
C.V. 23.820 0.482 0.729
Mean 7.328 80.336 7.281
® Probability 
F value
Degrees of freedom
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Figure 1. Effect of freezing method <F) on drip loss of 
crawfish meat. Methods FI - F*t are still , blast,
l N 2 - i n - p a c k , and 1N2-IQF, respectively.
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Figure 2. Effect of freezing method (F) on moisture of 
crawfish meat. Methods FI - F4 are still* blast*
lN2-in-pack* and 1N2-IQF* respectively.
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Figure 3. Effect of h e patopancreas on drip loss of crawfish 
m e a t .
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Figure 5. Sensory moisture scores for crawfish meat frozen 
by different methods <F): weeks 1 - 72. Methods FI - F4 are 
still, blast, lN2-in-pack, and 1N2-IQF, respectively.
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Figure 6. Sensory moisture scores for washed and unwashed 
crawfish meat: weeks 1 - 72.
SUMMARY AND CONCLUSIONS 
The quality of post mortem fishery products is 
invariably changed to some extent by preservation processes. 
A number of desirable textures, flavorsj and colors are 
associated with freshly killed, high quality seafood. A goal 
of food science researchers working with seafood 
p reservation is to develop processing and storage methods 
that best maintain those fresh-like qualities. Studying the 
effects of processing and handling methods on seafood 
quality will help establish those procedures that are 
essential in order to produce the best quality product.
The research presented herein has addressed several 
quality problems associated with crawfish meat. Based on 
results obtained, scientifically proven recommendations can 
be made to the crawfish processing industry regarding 
optimum methods for blanching whole crawfish, and packaging 
and freezing fresh peeled meat.
Although this research answered a number of questions, 
it also raised many others. The author suggests further 
investigation into the microbiology of fresh and frozen 
crawfish products, and the effects of processing, packaging 
(e.g., modified atmospheres and the presence of 
h e p a t o p a n c r e a s ) , and storage on the numbers and survival of 
various types of m i c r o o r g a n i s m s .
Further investigation into the enzymes present in the 
crawfish hepatopancreas and tail meat would be useful. This 
information would be valuable from a biological standpoint,
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and would allow better recommendations to processors for 
improving processing, packaging, and storage methods. This 
work might include isolation and characterization of 
proteolytic enzymes, as well as consideration of commercial 
uses of hepatopancreatic proteases or c o 1 l a g e n a s e s .
A more in-depth study on texture changes in fresh and
frozen crawfish meat is needed to help understand the roles
of endogenous enzymes and those of microbial origin. It 
would also be useful to study protein denaturation
associated with freezing rate and frozen storage
temperature. Literature suggests that TMAO would not likely 
be a significant factor in toughening during frozen storage 
of freshwater crustacean, but it would be of interest to 
determine its pre s e n c e  and involvement.
BIBLIOGRAPHY
Abeyta, C., Jr. 1983. Bacteriological quality of fresh 
seafood products from Seattle retail markets. J. Food 
P r o t . 46:901.
Abletts R.F. and Gould) S.P. 1986. Comparison of the sensory 
quality and oxidative rancidity status of frozen-cooked 
mussels < Myt ilus edulis L . ) . J. Food Sci. 51:809.
Ahmed) E.M., Mendenhall) V.T., and Koburger s J.A. 1973. 
Modification of cocktail shrimp texture. J. Food Sci. 
38:356.
Altenburg) W.M. 1950. Frozen lobster method. U.S. Patent 
S 501 655. March 28, 1950.
American Public Health Association. 1984. "Compendium of 
Methods for the Microbiological Examination of Foods," 2nd 
e d . M.L. Speck (Ed.). APHA, Washington, D.C.
Alvarez, R.J. and Koburger, J.A. 1979. Effect of delayed 
heading on some quality attributes of Penaeus shrimp. J. 
Food Prot. 42:407.
Amerine, M.A., Pangborne, R.M. and Roessler, E.B. 1965. 
"Principles of sensory evaluation of foods," Academic 
Press Limited, New York, N.Y.
Ampola, V.G. and Learson, R.J. 1971. A new approach to the 
freezing p r e s e rvation of blue crab. Proc. 12th 
International C o ngress of R efrigeration 3:243.
Anonymous, 1965. The Fishing Industries Research Institute, 
Cape Town South Africa, Annual Report, 1964. Cited by 
Dagbjartsson, B. and Solberg, M. 1972. Textural change in 
precooked lobster (Homerus amer i c a n u s ) meat during
refrigerated storage, freezing and frozen storage. J. Food 
Sci. 3 7 ( 2 ) :185.
Atwood, H.L. 1972. Crustacean muscle. Ch. 9. In "The 
Structure and F u nction of Muscle." G.H. Bourne (Ed.), 
p . 421. Academic Press, New York.
Aurell, T., Dagbjartsson, B., and S o l o m o n s d o t t i r , E. 1976. 
A comparative study of freezing qualities of seafoods 
obtained by using different freezing methods. J. Food Sci. 
41:1165.
Badonia, R. 1981. Cooked and frozen lobster. Seafood Export 
J o u r n a 1. 13(7):1.
Bailey, A.J. 1972. The basis of meat texture. J. of the Sci.
140
141
of Food and A g r . £3:995.
Baranowski, E.S., Nip, W.K., and Moy, J.H. 1984. Partial 
c h a racterization of a crude enzyme extract from the 
freshwater prawn, M a c r o brachium rosenbera i i . J. Food Sci. 
49:1494.
Barile, L.E., Milla, A.D., Reilly, A., and Villadsen, A.
1985a. Spoilage patterns of mackerel (R a s t r e l 1 iger fauohni 
Matsui). I. Delays in icing. ASEAN Food J. 1:70.
Barile, L.E., Milla, A.D., Reilly, A., and Villadsen, A.
1985b. Spoilage patterns of mackerel (R a s t r e l 1 iger fauohni 
Matsui). II. Mesophilic and psychotrophic spoilage. ASEAN 
Food J. 1 : 1 £ 1 .
Bernal, V.M. and Stanley, D.W. 1986. Changes in the melting 
characteristics of bovine collagen induced by a bacterial 
collagenase. J. Food Sci. 51:834.
Bevilacqua, A.E. and Zaritsky, N.E. 198£. Ice rec r y s t a l ­
lization in frozen beef. J. Food Sci. 47:1410.
Borderias, A.J., Moral, A., and Tejada, M. 1981. Stability 
of whole, filleted and minced trout (Salmo ir ieus Gibb) 
during frozen storage. Ref. Sci. &< Tech. 4:409.
Bosund, I. and Beckeman, M. 197£. Texture changes in frozen 
cod. In "Freezing and Storage of Fish, Poultry and Meat," 
p. £9. Bulletin of the International Institute of 
Refrigeration, Paris, France.
Botta, J.R., Downey, A.P., Lauder, J.T., and O ’neill, M. 
198£. Chemical and sensory assessment of roundnose 
grenadier < Mac r o u r u s  rupestr i s ) subjected to long term 
frozen storage. J. Food Sci. 47:1670.
Bouton, P.E., Harris, P.V., and Ratcliff, D. 1981. Effect of 
cooking temperature and time on the shear properties of 
meat. J. Food Sci. 46:1988.
Bremner, H.A. 1985. CSIRO food researchers look at scampi. 
Australian Fis h e r i e s  44:39.
Brockerhoff, H. Hayle, R.J., and H e v a n g , P.C. 1970. 
Digestive enzymes of the American lobster < Homerus 
a m e r i c a n u s ) . J. Fish. Res. Board Can. 87:1357.
Brown, L.D. and Dorn, C.R. 1977. Fish, shellfish, and human 
health. J. Food Prot. 40:718.
Bryan, F.L. 1980. Epid e m i o l o g y  of foodborne diseases
1**2
transmitted by fish, shellfish and marine crustaceans in 
the United States, 1970-1978. J. Food Prot. **3:859.
Buchholz, S.B. and Pigott, G.M. 1972. Immersion freezing of 
fish in dichlorodifluoromethane. J. Food Sci. 37:**86.
Calvelo, A. 1981. Recent studies on meat freezing. In 
"Developments in Meat Science - 2," R. Lawrie <E d .). p. 
125. Applied Science Pub 1., London.
Castell, C.H., Neal, W., and Smith, B. 1970, Formation of 
d i m e t hylamine in stored frozen sea fish. J. Fish. Res. B d . 
Can. 27:1685.
C h a t t o p a d h y a y , P. Bose, P.K., and Bose, A.N. 1983. Studies 
on techno-economic viability of LN-freezing of prawn in 
India in a model system. In "Refrigeration in the service 
of man. XVIth International Congress of Refrigeration, 
Paris, 1983. Vol. 3" pp. **61.
Cheng, C.S., H a m a n n , D.D., and Webb, N.B. 1979. Effect of 
thermal processing on minced fish gel texture. J. Food 
Sc i . ****: 1080.
C h r i s t o p h e r s e n , J. 1968. Effect of freezing and thawing on 
the microbial p o p u lation of food stuffs. In "Low 
Temperature Biology of Food Stuffs," J. Hawthorn and E,J, 
Rolfe <Ed.). Pergammon, Oxford.
Ciobanu, A. 1976. Freezing. In "Cooling Technology in the 
Food Industry," A. Ciobanu <E d .). Abacus Press. Turnbridge 
Wells, Kent.
Clingman, C.D. and Hooper, A.J. 1986. The bacterial quality 
of vacuum packaged fresh fish. Dairy and Food Sanitation 
6<5) : 19**.
Clucas, I.J. and Sutcliff. 1981 An introduction to fish 
handling and processing. Rep. Tropical P r oducts Institute, 
Gl**3, London, p . 8. Cited by Hultin, H.O. 1885.
Ch a r a c t eristics of muscle tissue. Ch. 12. In "Food
Chemistry," O.R. Fennema (Ed.), p . 725. Marcel Dekker, 
Inc., New York, N.Y.
Cockey, R.R. 1983. Bacteriological standards for fresh
shellfish and crabmeat. For selected states and Canada. 
Maryland Marine Advisory Pub l i c a t i o n  No. U M - S G - M A P - 8 3 - 0 1 .
Coleman, C.K., Al-Bagdadi, F.K., Biede, S.L., and Hackney,
C.R.. 1986. Ult r a s t u c t u r e  of fresh, airblast and sodium
chloride brine frozen uncooked blue crab muscle. J. Food 
Sci. 51:1398.
143
Connell, J.J. 1975- "Control of Fish Q u a l i t y . ” Fishing News 
(Books) Ltd. Surrey, England.
Connell, J.J. and Howgate, M. 1968. Freezing and storage 
effects on the texture of cod muscle. J. Sci. Food Agric. 
19:348.
Cook, D.W. and Lofton, S.R. 1979. Freezer storage of blue 
crabs for use in picking plants. P r o c . Trop. & Subtrop. 
Fish. Tech. Conf. of the Americas IV:4E1.
Cowie, W.P and Little, W.T. 1966. The relationship between 
the toughness of cod stored at -S9°C and its muscle 
protein solubility and pH. J. Food Technol. 1:335.
Crawford, D.L., Law, D.K., Babbitt, J.K., and McGill, L.A.
1979. Comparative stability and desirability of frozen 
Pacific Hake fillet and minced flesh blocks. J. Food Sci. 
44:363.
Dagbjartsson, B. and Solberg, M. 1978. Textural change in 
precooked lobster (Homerus amer i c a n u s ) meat during 
refrigerated storage, freezing and frozen storage. J. Food 
Sci. 37(8):185.
Dassow, J.A., Mckee, L.G. and Nelson, R.W. 1968. Development 
of an instrument for evaluating texture of fishery 
producers. Food Technol. 16(3):108.
D e n g , J.C. 1981. Effect of temperatures on fish alkaline 
protease, protein interaction and texture quality. J. Food 
Sc i . 46:68.
Dunajski, E. 1979. Texture of fish muscle. J. Text. Studies 
10:301.
Dyer, W.J. 1951. Protein denaturation in frozen stored fish. 
Food Res. 16:588.
Easter M.C., Gibson, D.M., and Ward, F.B. 1988. A 
conductance method for the assay and study of bacterial 
trimethylamine oxide reduction. J. Appl. Bact. 58:357.
Edmunds, W.J., and Lillard, D.A. 1979. Sensory 
characteristics of oysters, clams, and cultured and wild 
shrimp. J. Food Sci. 44:368.
Eisen, A.Z. and Jeffrey, J.J. 1969. An extractable 
c ollagenase from c r u stacean hepatopancreas. Biochim. 
Biophys. Acta 191:517.
144
Easter M.C., Gibson, D.M., and Ward, F.B. 1982. A 
conductance method for the assay and study of bacterial 
trimethylamine oxide reduction. J. Appl. Bact. 52:357.
FAQ (Food and A g r i culture Organization). 1979. "Yearbook of 
Fisheries Statistics* 1978." 47:11. Cited by ICMSF. 1986. 
"Microorganisms in Foods 2. Sampling for Microbiological 
Analysis: Principles and Specific Applications," 2nd e d . 
University of Toronto Press, Toronto.
Faulkner, M.B. and Watts, B.M. 1955. D eteriorative changes 
in frozen shrimp and their inhibition. Food Technol. 
9:632.
Feinstein, G.R. and Buck, E.M. 1984. Relationship of texture 
to pH and collagen content of Yellowtail Flounder and 
Cusk. J. Food Sci. 49:29B.
Fennema, O.R. 1968. General principles of cryogenic 
processing. Proc. Meat Ind. Res. C o n f . p. 109.
Fennema, O.R., Powrie, W.D., and Marth, E.H. 1973. "Low- 
Temperature Preservation of Foods and Living Matter." 
Marcel Dekker, New York.
Fieger, E.A., Bailey, M.E., and Novak, A.F. 1956. Chemical 
ices for shrimp preservation. Food Technol. 10:578.
Findlay, C.J. and Stanley, D.W. 1984. Texture-structure  
relationships in scallop. J. Texture Studies 15:75.
FMC Corporation. 1969. Final Report, Blue Crab Meat 
Preservation Study Contract No. 14-0007-968, Report No. R- 
2820. Central Engineering Laboratories, 1185 Coleman
Avenue, Santa Clara, CA 95052. Cited by Ampola, V.G. and 
Learson, R.J. 1971. A new approach to the freezing
p reservation of blue crab. Proc. 12th International 
Congress of R e f r i g eration 3:243.
Food and Drug Administration. Bureau of Foods. Division of 
Microbiology. 1984. "Bacteriological Analytical Manual," 
6th e d . Association of Official Analytical Chemists. 
Ar 1 i n g t o n , V A .
Friedman, H.H., Whitney, J.E., and Szczesniak, A.S. 1963.
The texturometer - a new instrument for objective texture 
measurement. J. Food Sci. 28:390.
Gangal, S.V. and M a g a r , N.G. 1963. Freezing of crabmeat. 
Food Technol. 17<12):101.
Gates, K.W., Eudaly, J.G., Parker, A.H., and Pittman, L.A.
145
1985. Quality and nutritional changes in frozen breaded 
shrimp stored in wholesale and retail freezers. J. Food 
Sc i . 50:853.
G e b r e - E g z i a b h e r , A., Thompson, B., and B l a n k e n a g e l > G. 1982. 
Destruction of microorganisms during thawing of skim milk. 
J. Food Prot. 45:125.
Getchell, J.S. and Highlands, M.E. 1957. Processing lobster 
and lobster meat for freezing and frozen storage. Orono, 
ME: Maine Agricultural Experiment Station, University of 
Maine, Bulletin 558. Cited by Gillespie, N.C., Smith, 
L.G., and Burke, J.B. 1983. Freezing of whole uncooked mud 
crabs (Scvlla s e r r a t a ) Queensland, Australia. Food 
Technol. in Aust. 35:370.
Ghittino, P. 1972. Aquaculture and associated disease of 
fish of public health importance. J. Am. Vet. Med. Assoc. 
161:1476.
Gibbard, G.A. 1978. Freezing seafood at sea - The British 
Columbia experience. In "Seafood Handling, Preservation, 
Marketing," J.B. Peters (Ed.), p . 51. Univ. of Washington, 
S e a t t l e .
Gibson D.M., Hendrie, M.S., Houston, N.C., and Hobbs, G. 
1977. The identification of some Gram negative 
heterotrophic aquatic bacteria. In "Aquatic Microbiology,"
F.A. Skinner and J.M. Shewan (Ed.), p. 135. Academic 
Press, New York.
Giddings, G.G. and Hill, L.H. 1978. Relationship of freezing 
preservation parameters of texture-related structural 
damage to thermally processed crustacean muscle. J. Food 
Process. Preserv. 2:49.
Giddings, G.G. and Hill, L.H. 1975. Processing effects on 
the lipid fractions and principal fatty acids of Blue Crab 
(C a l 1 inectes s a o i d u s ) muscle. J. Food Sci. 40:1127.
Gill, T.A., Keith, R.A., and Lall, B.S. 1979, Textural 
deterioration of Red Hake and Haddock muscle in frozen 
storage as related to chemical parameters and changes in 
myofibrillar proteins. J. Food Sci. 44:661.
Gillespie, N.C., Smith, L.G., and Burke, J.B. 1983. Freezing 
of whole uncooked mud crabs < S c v 11 a s e r r a t a ) Queensland, 
Australia. Food Technol. in Aust. 35:370.
Greenwood, M.H., Coetzee, E.F.C., Ford, B . M . , Gill, P., 
Hooper, W.L., Mathews, S.C.W., Patrick, S., P e t h e r , 
J.V.S., and Scott, R.J.D. 1985. The bacteriological
146
quality of selected retail, ready-to-eat food products. 
III. Cooked crustaceans and molluscs. Environmental Health 
93:236.
G r o d n e r , R.M. and Novak, A.F. 1974. Microbiological 
guidelines for freshwater crayfish < Procambarus c 1ark i i 
Girard). Papers from the Second International Symposium on 
Freshwater Crayfish, Baton Rouge, Louisiana, U.S.A. J.W. 
Avault, Jr. (Ed.), p . 161. Louisiana State University 
Division of Continuing Education.
Haines, R.B. 1938. The effect of freezing on bacteria. P r o c . 
Roy. Soc., B, (837), 1 8 4 :451.
Hale, M.B. and Waters, M.B. 1981. Frozen storage stability 
of whole and headless freshwater prawns, Macrobrachium 
r o s e n b e r a i i . Marine Fish. Rev., Washington, D.C., 
Scientific Publications Office, National Marine Fisheries 
Service. 43<1E):18.
Hall, L.P. 1979. Quality aspects of frozen food in 
distribution. Proc. Inst. Food Sci. Technol. 18:867. Cited 
by Hall, L.P. and Alcock, S.J. 1985. The effect of 
microbial enzymes on the stability of foods during frozen 
storage. Technical Memorandum No. 409. Campden Food 
Preservation Research Association, Chipping Campden, 
Gloucestershire GL55 6LD, England.
Hall, L.P. and Alcock, S.J. 1985. The effect of microbial 
enzymes on the stability of foods during frozen storage. 
Technical Memorandum No. 409. Campden Food Preservation 
Research Association, Chipping Campden, Gloucestershire 
GL55 6LD, England.
Hall, L.P. and Blanchard, J.H. 1983. The effect of microbial 
enzymes on the stability of foods during frozen storage. 
Tech. Memo. N o . 348. Campden Food Pres. Res. Assoc., 
Chipping Campden, G l o u c e s tershire GL55 6LD, England.
Hall, L.P. and Blanchard, J,H. 1984. The effect of microbial 
enzymes on the stability of foods during frozen storage. 
Tech. Memo. No, 380. Campden Food Pres. Res. Assoc., 
Chipping Campden, G l o u c e s tershire GL55 6LD England.
Hallowell, E.R. 1980. "Cold and Freezer Storage Manual," 
End. e d . AVI Publishing Co., Inc., Westport, CT.
Hansen, P. and Aagard, J. 1969. Freezing of shellfish. In
"Freezing and Irradiation of Fish," R. K r e u z e r , (Ed.),
p . 147. Fishing News Books, London.
Haraguchi, T., Simidu, U., and Aiso, K. 1969. Preservation
147
effect of ozone on fish. Bull. Japanese S o c . Sci. Fish. 
[Nihon Suisan G a k k a i - s h i 3 3 5 ( 9 ) :915. Cited by Walter, R.H. 
and Sherman? R.M. 1976. Duration of Ozone in water in the 
upper solubility range. J. Food Sci. 41:993.
Harrison? J.M. and Lee? J.S. 1969. Microbiological 
evaluation of Pacific shrimp processing. Appl. Micro. 
18:188.
Hebard. C.E.? Flick? G.J.? and Martin? R.E. 1988. Occurrence 
and significance of trimethylamine oxide and its 
derivatives in fish and shellfish. Ch. IS. In "Chemistry & 
B iochemistry of Marine Food Products? R.E. Martin? G.J. 
Flick, C.E. Hebard, and D.R. Ward (Ed.), p. 149. AVI 
Publishing Co.? Westport? C T .
Himmelbloom? B.H.? Rutledge? J.E.? and Biede? S.L. 1983. 
Color changes in blue crabs (C a l 1 inectes s a p i d u s ) during 
cooking. J. Food Sci. 48:658.
Hjelmeland? K. and Raa? J. 1980. Fish tissue degradation by 
trypsin type enzymes. In "Advances in Fish Science and 
Tecnology?" J.J. Connell and Torry Research Station Staff 
(Ed.)? p . 456. Fishing News Books? Ltd.? Farnham? Surrey? 
Eng 1 a n d .
Hobbs? G. 1983. Microbial spoilage of fish. In "Food 
Microbiology: Advances and Prospects?" T.A. Roberts and
F.A. Skinner (Ed.)? p . 817. Academic Press Inc.? New York.
Houwing? H. 1984. Energy saving in the frozen fish industry. 
In "Thermal processing and quality of foods?" P. Zeuthen? 
J.C. Cheftel? C. Eriksson? M. Jul? H? Leniger? P. Linko?
G. Varela? and G. Vos (Ed.) p . 786. Elsevier Applied 
S cience P u b lishers Ltd.? Barking? Essex? UK.
Huang? Y.W. and Toledo, R. 1988. Effect of high doses of 
high and low intensity U.V. irradiation on surface 
microbiological counts and storage-life of fish. J. Food 
Sci. 47:1667.
Hultin? H.O. 1885. C h a racteristics of muscle tissue. Ch. 18. 
In "Food Chemistry?" O.R. Fennema (Ed.)? p . 785. Marcel 
Dekker? Inc.? New York? N.Y.
Huxley? T.H. 1880. "The Crayfish?" D. Appleton and Company? 
New York. MIT Press Edition 1974. Forward by S.A. Raymond. 
MIT Press? Cambridge? MA.
International C o m mission on Microbiological Specifications 
for Foods (ICMSF). 1980a. "Microbial Ecology of Foods. 
Vol. 1. Factors Affecting Life and Death of Mi c r o ­
148
organisms." Academic Press? Inc. New York? N.Y.
ICMSF. 19B0b. "Microbial Ecology of Foods. Vol. S. Food 
Commodities." Academic Press? Inc. New York? N.Y.
ICMSF. 1974 (reprinted with corrections 1978? 1 9 8 E ) .
"Microorganisms in Foods S. Sampling for Microbiological 
Analysis: Principles and Specific Applications."
University of Toronto Press? Toronto.
ICMSF. 1978. "Microorganisms in Foods 1. Their significance 
and Methods of Enumeration?" End e d . University of Toronto 
Press? Toronto.
ICMSF. 1986. "Microorganisms in Foods E. Sampling for 
Microbiological Analysis: Principles and Specific
Applications?" End e d . University of Toronto Press? 
T o r o n t o .
Jarman? N.E. 198E. The importance of appropriate 
r efrigeration to the New Zealand fishing industry. Ref. 
Sci. and Technol. 1:141.
Jay? J.M. 1978. "Modern Food Microbiology?" End e d . D. van 
Nostrand Company? New York.
Jensen? M.H.? Petersen? A.? Roge? E.H.? and Jepsen? A. 1980. 
Storage of chilled cod under vacuum and at various 
concentrations of carbon dioxide. In "Advances in Fish 
Science and Technology?" J.J. Connell and Torry Research 
Station Staff (Ed.) p. E 9 4 . Fishing News Books? Ltd.? 
Farnham? Surrey? England.
Jenson? R. 198E. A fresh look at marketing seafood. Quick 
Frozen Foods. Oct. 19B3:1E.
Johnson? E.A.? Peleg? M . ? and Sawyer? F.M. 1981. Mechanical 
methods of measuring textural characteristics of fish 
flesh. Ref. Sci and Technol. 4:93.
J u l , M. 1984. "The Quality of Frozen Foods?" Academic Press? 
New York.
Kelly? K.O.? Jones? R.R.? Love? R.M.? and Olley? J. 1966. 
Texture and pH in fish muscle related to "cell Fragility" 
measurements. J. Food Technol. 1:9. Cited by Feinstein?
G.R. and Buck? E.M. (1984). Relationship of texture to pH 
and collagen content of yellowtail flounder and cusk. J. 
Food Sci. 49:E98.
Kimura? S.? Nagaoka? Y.? and Kubota? M. 1969. Studies on 
marine invertebrate collagens. 1. Some collagens from
149
crustaceans and molluscs. Bull. Jap. S o c . Sci. Fish. 
35:743.
Kimura, S. and Tanaka, H. 1986. Partial characterization of 
muscle collagens from prawns and lobsters. J. Food Sci. 
51:330.
Laird, W.M., Mackie, I.M., and Hattula, T. 1980. Studies of 
the changes in the proteins of cod-frame minces during 
frozen storage at -15°C. In "Advances in Fish Science and 
Technology," J.J. Connell and Torry Research Station Staff 
<E d .), p. 428. Fishing News Books, Ltd. Farnham, Surrey, 
Engl a n d .
Lamprecht, E. and Elliot, M. 1971. South African Fishing 
Industry Research Institute Annual Report 25, p . 78. Cited 
by Simmonds, C.K. and Lamprecht, E.C. 1985. Microbiology 
of frozen fish and related products. Ch . 5. In 
"Microbiology of Frozen Foods," R.K. Robinson (Ed.), 
p . 169. Elsevier Applied Science Publishers, New York.
Lanier, T.C., Lin, T.S., Hammer, D.D., and Thomas, F.B.
1981. Effects of alkaline protease in minced fish on 
texture of heat-processed gels. J.Food Sci. 46:1643.
Larmond, E. 1977. "Laboratory Methods for Sensory Evaluation 
of Food," Canada Department of Agriculture, Publication 
1637. Communications Branch, Agriculture Canada, Ottawa 
K1A 0 C 7 .
Laycock, R.A. and Regier, L.W. 1971. Trimethylamine- 
producing bacteria on haddock (Melanoarammus a e o l e f i n u s ) 
fillets during refrigerated storage. J. Fish. Res. B d . 
Can. 28:305.
Lee, P.G., Blake, N.J., and Rodrick, G.E. 1980. A 
quantitative analysis of digestive enzymes for the
freshwater prawn M a c r o b rachium r o s e n b e r g i i . Proc. World 
M a r . S o c . 11:392.
L i c e i a r d e l l o , J.J. and Ronsivalli, L.J. 1982. Irradiation of 
seafoods. Ch. 13. In "Chemistry & Biochemistry of Marine 
Food Products," R.E. Martin, G.J. Flick, C.E. Hebard and 
D.R. Ward (Ed.), p. 305. AVI Publishing Co., Westport, C T .
Lightner, D.V. 1973. Normal post mortem changes in the brown 
shrimp, Penaeus a z t e c u s . Fish. Bull. 72:223.
Lin, T.S. and Lanier, T.C. 1980. Properties of an alkaline 
protease from the skeletal muscle of Atlantic Croaker. J. 
of Food Biochem. 4:17.
150
Lirtdeloev, F. 1978. Frost 1 agr ir>g af saltede prodkter 
("Freezer storage of salted products"). Laboratoriet for 
L e v n e d s m i d d e l i n d u s t r i , Danmarks Tekniske Hojskolej 
Copenhagen. Cited by J u l , M. 1984. "The Quality of Frozen 
F o o d s j " Academic Pressj New York.
Listonj J. 1982. Recent advantages in the chemistry of iced 
fish spoilage. Ch. 3. In "Chemistry & Biochemistry of 
Marine Food Products)" R.E. Martin) G.J. Flick) C.E. 
Hebard) and D.R. Ward (Ed.)) p. 27. AVI Publishing C o .5 
Westport) C T .
Love) R.M. 1958. Studies on the North Sea Cod. I. Muscle 
cell dimensions. J. Sci. Food Agric. 9:195.
L o v e 5 R.M. 1964. The effect of different fishing grounds on 
the quality of frozen fish. FAO Symposium on the 
Significance of Fundamental Research in the Utilization of 
Fish. Husum) W.P. (Ill) 2. Cited by Dunajski) E. 1979. 
Texture of fish muscle. J. Text. Studies 10:301.
Love) R.M. 1975. Variability in Atlantic cod (Gadus m o r h u a ) 
from the northeast Atlantic: a review of seasonal and
environmental influences on various attributes of the 
flesh. J. Fish. Res. Board Can. 32:2333. Cited by 
Dunajski) E. 1979. Texture of fish muscle. J. Text. 
Studies 10:301.
Love) R.M.) Robertson) I.) Smith) G . L . 5 and Whittle) K.J. 
1974. The texture of cod muscle. J. Text. Stud. 5:201.
Lovell) R.T. 1968. "Development of a Crawfish Processing
Industry in Louisiana)" E c . Dev. Admin. U.S. D e p . 
Commerce) Dept. Food Sci. and Tecnol. Louisiana State 
University) Baton Rouge> LA 70803. pp. 151.
Lovell) R.T. and Barkate> J.A. 1969. Incidence and growth of 
some health-related bacteria in commercial freshwater
crayfish (genus P r o c a m b a r u s ) . J. Food Sci. 34:268.
Makario5-Laham> I. and Levin> R.E. 1984. Isolation from 
Haddock tissue of psychtrophic bacteria with maximum 
growth temperature below EORoFC. Appl. and E n v . Micro. 
48:439.
Makinodan) Y . s A m a n o > H> and ShimudU) W. 1963. Studies on 
muscle of aquatic animals. 41. Protease in fish muscle 
(No. 2)). Relation between protease in fish muscle and 
decrease of Ashi of Kamaboko. Bull. Jap. Soc. Sci. Fish. 
29:1092. Cited by D e n g , J.C. 1981. Effect of temperatures 
on fish alkaline protease) protein interaction and texture 
quality. J. Food Sci. 46:62.
151
Makinodan, Y. and Ikeda, S. 1969. Studies on fish muscle 
protease. E. Purification and properties of a proteinase 
active in slightly alkaline pH range. Bull. Jap. Soc. Sci. 
Fish. 35:749. Cited by Deng, J.C. 1981. Effect of 
temperatures on fish alkaline protease, protein 
interaction and texture quality. J. Food Sci. 46:6E.
Marsha 11- M o e r 1 1e , G.A. and Moody, M.W. 1985. Unpublished 
data. Dept. of Food Sci., Louisiana State Univ., Baton 
Rouge, LA 70803.
Marshall, G.A., Moody, M.W., Hackney, C.R., and G o d b e r , J.S.
1987. The effect of blanch time on the development of 
mushiness in ice-stored crawfish meat packed with adhering 
hepatopancreas. J. Food Sci. 53:1504.
Matsumoto, J.J. 1979. Denaturation of fish muscle proteins 
during frozen storage, In "Proteins at Low Temperatures"
0. Fennema (Ed.), pp. E05. Adv. in Chem. S e r . 180, Am. 
Chem. Soc., Washington, D.C.
M a x w e l 1-Mi 11e r , G . , Josephson, R.V., Spindler, A . A . , 
Ho 1 l o w a y - T h o m a s , D., Avery, M.W., and Phleger, C.F. 198E. 
Chilled (5°C) and frozen (-18C) storage stability of 
Purple-hinge Rock Scallop, Hi nnites mult iruoosus Gale. J. 
Food Sci. 47:1654.
Mijayama, L.S. and Cobb, B.F., III. 1977. Preliminary 
observations on the frozen storage stability of the 
freshwater prawn, Macrobrachium rosenbergi i . Proc.Trop. & 
Subtrop. Fish. Tech. Conf. of the Americas II:£53.
Moran, T. 193E. Rep. Fd. Invest. Board, (UK), EE. Cited by 
J u l , M. 1984. "The Quality of Frozen Foods." Academic 
Press, New York.
M o s s e l , D.A.A. 1967. Ecological principles and 
methodological aspects of the examination of foods and 
feeds for indicator organisms. J. Assoc. Offic. Anal. 
Chemists 50:91.
Nagle, B. and Finne, G. 1980. Brine freezing shrimp. Proc. 
Trop & Subtrop. Fish. Tech. Conf. of the Americas V:158.
Nakayama, T. and Yamamoto. 1977. Physical, chemical and 
sensory evaluations of frozen-stored deboned (minced) fish 
flesh. J. Food Sci. 4E:900.
Neal, C. Vanderzant, C., and Nickelson, R. 1977. The effects 
of antibacterial agents and washing procedures on the 
bacterial quality of Gulf fish. Proc. Trop. 8, Subtrop.
152
Fish. Tech. Conf. of the Americas 11:148.
Nip. W.K.j Lan, C.Y., and Moy, J.H. 1985a. Partial
character i z a t i o n  of a c o 11agenolytic enzyme fraction from 
the h e patopancreas of the freshwater prawn, Macrobrachium 
rosenbero i i . J. Food Sci. 50:1187.
Nip, W.K. and Moy, J.H. 1979. Effect of freezing methods on 
the quality of the prawn, Macrobrachiurn r o s e n b e r a i i . Proc. 
World M a r i culture Soc. 10:761.
Nip, W.K., Moy, J.H., and T Z a n g , Y.Y. 1985b. Effect of
purging on quality changes of ice-chilled freshwater
prawn, Macrobrach ium rosenberg i i . J. Food Tech. 80:9.
Nip, W . K . , Zeiden, H.M.K., and Moy, J.H. 1981. Amino acid
profile of insoluble collagen isolated from freshwater
prawnj Macr o b r a c h i u m  rosenbergi i . J. Food Sci. 46:1633.
NRC (National Research Council). 1985. "An E v a luation of the 
Role of Microbiological Criteria for Foods and Food
Ingredients." National Academy Press, Washington, D.C.
Nusbaum, R.P. 1979. Structural and palatability traits of
ground beef from hot boned, chilled and frozen muscle. 
Proc. Recipr. Meat Conf. p. S3. Cited by Sebranek, J.G.
1988. Use of cryogenics for muscle foods. Food Technol. 
36:180.
Nusbaum, R.P., Sebranek, J.G., T o p e l , D.G., and Rust, R.E. 
1983. Structural and palatability r e l a t ionships in frozen 
ground beef patties as a function of freezing treatments 
and product formulation. Meat Sci. 8:135.
Olley, J., Eva, A., and Lamprecht, E. 1973. The proteolytic 
activity of the hep a t o p a n c r e a s  and digestive juices of the 
rock lobster. Cape Town, South Africa: Fishing Industry 
Research Institute. 37th Annual Report:43. Cited by 
Gillespie, N.C., Smith, L.G., and Burke, J.B. 1983. 
Freezing of whole uncooked mud crabs (Scvlla s e r r a t a ) 
Queensland, Australia. Food Technol. in Aust. 35:370.
Opstvedt, J. 1984. Fish fats. Ch. 13. In "Fats in Animal 
Nutrition, " J. W iseman (Ed.), p. 53. B u t t e r w o r t h s , 
L o n d o n .
□tt, L. 1977. "An Introduction to Statistical Methods and 
Data Analysis," Duxbury Press, North Scituate, MA.
Otwell, W.S. and Hamann, D.D. 1979. Textural 
chara c t e r i z a t i o n  of squid (L o 1ioo pealei L.): Instrumental
and panel evaluations. J. Food Sci. 44:1636.
153
P a p a d o p o u l o s , L.S. and Finnej G. 1985. Texture evaluation of 
M acrobrachium r o s e n b e r o i i . Proc. Trop & Subtrop. Fish. 
Tech. Conf. of the A m ericas X:117.
Pawar, S.S. and M a g a r , N.G. 1966. Chemical c hanges during 
frozen storage of Pomphrets, Mackerel and Sardines. J. 
Food Sc i . 31:87.
Peplow, A.J.j Koburgerj J.A.j and Appledorfj H. 1977. Effect 
of ice storage on the total weightj proximate composition 
and mineral content of shrimp. Proc. Trop. & Subtrop. 
Fish. Tech. Conf. A m ericas 11:813.
Perssonj P.O. 1988. Frozen storage) r e f r i g eration equipment 
and freezing systems in the seafood industry. 
International Journal of Refrigeration 5(8):180.
Piskarevj I.A.j Kaminarskayaj A.K.j Moiseyeva) E.L.j 
Dibirasulayevj M.A.j and Balandina) F.A. 1971. Influence 
of freezing animal tissue in liquid nitrogen on its 
histological structure and microbiological alterations. 
Proc. Int. Cong. Refrig. 3:887.
Plankj R.j Ehrenbaumj E.j and Reuterj K. 1916. Die 
Konsevierung von Fischen durch das Gefri e r v e r f a h r e n  ("Fish 
freezing"). Z e n t r a l - E i n k a u f g e s e l l s c h a f t . Berlin. Cited by 
Julj M. 1984. "The Quality of Frozen Foodsj" Academic 
Pressj New York.
Porterj A.F. 1984. The use of citric acid in the seafood 
industry. Biotech Products D i v . > 1187 Myrtle St.j
Elkhart, IN 46514.
R a s e k h , J., Waters, M . , and Sidwell, V. 1977. The effect of 
frozen storage on the functional and organoleptic 
properties of minced fish made from several underutilized 
species harvested from the Gulf of Mexico. Proc. Trop. & 
Subtrop. Fish. Tech. Conf. of the Americas 11:103.
Rasmussen, C.L. and Olson, R.L. 1978. Freezing methods as 
related to cost and quality. Food Technol. 86:38.
R e a y , G.A. 1933. Rep. F d . Invest. Board. 167. Cited by
J u l , M. 1984. "The Quality of Frozen Foods," Academic 
Press, New York.
Reay, G.A. and House, C.T. 1951. The freezing and cold 
s torage of lobsters. Food Manufact. 86:83.
Reddy, S.K., Nip, W.K., and Tang, C.S. 1981. Changes in 
fatty acids and sensory quality of freshwater prawn
154
(Macrobrachium r o s e n b e r g i i ) stored under frozen 
conditions. J. Food Sci. 46:353.
Regenstein, J.M.) Schlosserj M.A.s S a m s o n 5 A . 5 and Fey* M.
1982. Chemical changes of trimethylamine oxide during 
fresh and frozen storage of fish. Ch. 11. In "Chemistry & 
B iochemistry of Marine Food Products) " R.E. Martin) G.J. 
Flick) C.E. Hebard) and D.R. Ward (Ed.)) *p. 137. AVI
Publishing Co. Westport) C T .
Rogers) J.L. and Binsted) R. 1972. "Quick-Frozen Foods>" 2nd
e d . Food Trade Press) Ltd. London.
Ronsivalli) L.J. and B a k e r s D.W.) II. 1981. Low temperature
preservation of seafoods: A review. Marine Fisheries
Review. 43:1.
Rose) A.H. 1968. Physiology of microorganisms at low 
temperatures. J. Appl. Bact. 31:1.
Rowland) B.) Finne) G . 5 and Tillman) R. 1982. A 
morphological study of muscle proteolysis in the tails of 
Macrobrachiurn r o s e n b e r g i i . Proc. Trop. and Subtrop. Fish. 
Tech. Conf. of the Americas VII:105.
Samson) A.) Regenstein) J.M.) and Laird) W.M. 1985. 
Measuring textural changes in frozen minced cod flesh. J. 
Food Biochem. 9:147.
Sebranek) J.G. 1982. Use of cryogenics for muscle foods. 
Food Technol. 36:120.
Shaw) B.G. and Shewan> J.M. 1968. Psychrophylic spoilage 
bacteria of fish. J. Appl. Bact. 31:89.
Shenouda, S.Y.K. 1980. Theories of protein denaturation 
during frozen storage of fish flesh. In "Advances in Food 
Research) Vol. 26)" C.O. Chichester) E.M. Mrak) and G.F. 
Stewart <E d . ) , p. 275. Academic Press) New York.
Siebert) G. 1962. Enzymes of marine fish muscle and their 
role in fish spoilage. In "Fish in Nutrition)" E. Heen and 
R. Kreuger (Ed.)) p. 80. Fishing News Books> Ltd.) London.
Silliker) J.H. and G a b i s 5 D.A. 1976. ICMSF methods studies.
I. Comparison of analytical schemes for detection of 
Salmonella in dried foods. Can. J. Microbiol. 19:475.
SimmondS) C.K. and Lamprecht) E.C. 1985. Microbiology of 
frozen fish and related products. C h . 5. In "Microbiology 
of Frozen Foods)" R.K. Robinson (Ed.)) p . 169. Elsevier 
Applied Science Publishers) New York.
155
Simmonds, C.K., Wyk , H.J. van, and Wessels, J.P.H. 1984. 
Quality of cooked whole rock lobster frozen with liquid 
nitrogen. Annual Report, Fishing Industry Research
Institute, Cape Town, No. 38:34.
S n e d e c o r , G.W. and Cochran, W.G. 1967. "Statistical 
Methods." Iowa State Univ. Press, Ames, Iowa.
Speck, M.L and Ray, B. 1977. Effects of freezing and storage 
on microorganisms in frozen foods: a review. J. Food Prot. 
40:333.
S p 1 i t t s t o e s s e r , D.F., Stewart, J.D., and Wilkinson, M. 1988. 
Survival of fecal coliforms in frozen vegetable 
homogenates. J. Food Prot. 45:1041.
Stone, H. and S i d e l , J.L. 1985. "Sensory Evaluation 
Practices." Academic Press, New York.
Strasser, J.H., Lennon, J.S., and King, F.K. 1971. Blue Crab 
meat: I. Preservation by freezing. II. Effect of chemical 
treatments on acceptability. Special Scientific Report- 
Fisheries NO. 630. U.S. Dept, of Commerce. National Marine 
Fisheries Service.
S u , H . , Lin, T.S., and Lanier, T.C. 1981. Investigation into 
potential sources of h e a t -stable alkaline protease in 
mechanically separated Atlantic Croaker (Micropogon 
u n d u l a t u s ). J. Food' Sci. 46:1654.
Summers, J.V. 1984. Cryogenic food freezing in t o d a y ’s 
market and its costs related to conventional mechanical 
systems. Institution of Chemical Engineers Symposium 
Ser ies 84:841.
Sweet, C.W. 1973. Activity of antioxidants in fresh fish. J. 
Food Sci. 38:1860.
Tanaka, K. and Tanaka, T. 1956. J. Tokyo Coll. Fish. 48:80. 
Cited by Jul, M. 1984. "The Quality of Frozen Foods," 
Academic Press, New York.
Thompson, H.C. and Thompson, N.H. 1968. Isolation and amino 
acid composition of the collagen of white shrimp (Penaeus 
set i f e r o u s ) - 1. Comp. Biol. Physiol. 87:187. Cited by
Nip, W.K., Zeiden, H.M.K., and Moy, J.H. 1981. Amino acid 
profile of insoluble collagen isolated from freshwater 
prawn, Macrobrachiurn r o s e n b e r g i i . J. Food Sci. 46:1633.
Ting, C.Y., Montgomery, M.W., and Anglemier, A.F. 1968. 
Partial purification of Salmon muscle cathepsins. J. Food
156
Sc i . 33:617.
Tressler, D.K. 1932. Chemical problems of the quick freezing 
industry. Ind. Eng. Chem. £4:682-686. Cited by Tressler,
D.K. and Evers, C.F. 1943. "The Freezing Preservation of 
Foods." p. 51, AVI Publishing Co., New York.
Tressler, D.K. and Evers, C.F. 1943. "The Freezing 
Preservation of Foods." AVI Publishing Co., New York.
U S D C , N O A A , NMFS. 1970. Blue Crab Meeting Report. Nov. 10. 
Fishery Products Technology Laboratory, Gloucester, MA 
01930. Cited by Ampola, V.G. and Learson, R.J. 1971. A new 
approach to the freezing preservation of blue crab. Proc. 
12th International Congress of Refrigeration 3:243.
Van Cleemput, 0. Debevere, J., Debevere, P. and Baert, L.
1980. Gamma irradiation of tropical shrimps. Lebensmittel- 
Wissenschaft und - T e c h n o l o g i e . 13:322.
Van Spreekens, K.J.A. 1977. Characterization of some fish 
and shrimp spoiling bacteria. Antonie van Leewenhoek 
43:283. Cited by Liston, J. 1982. Recent advantages in the 
chemistry of iced fish spoilage. Ch. 3. In "Chemistry &< 
Biochemistry of Marine Food Products," R.E. Martin, G.J. 
Flick, C.E. Hebard, and D.R. Ward <Ed.), p. 27. AVI 
Publishing Co., Westport, C T .
Varga, S. and Doucet, A. 1984. Quantitative estimation of 
fecal coliforms in fresh and frozen fishery products by 
APHA and modified A - 1 process. J. Food Prot. 47:602.
Voisey, P.W. 1972. The Texture of canned herrings. Report 
7022-1. Engineering Research Service, Research Branch, 
Canada Agriculture, Ottawa K1A 0 C 6 .
Vonk, H.J. 1960. Digestion and metabolism. Ch.8 In "The 
P hysiology of Crustacea. Vol. I. Metabolism and Growth," 
T.H. Waterman (Ed.), p. 291. Academic Press, New York.
Wang, M.Y. and Brown, W.D. 1983. Effects of elevated C 0 a 
atmosphere on storage of freshwater crayfish (Pacifastacus 
l e n i u s c u l u s ). J. Food Sci. 48:158.
Webb, N.B., Howell, A.J., Barbour, B.C., Monroe, R.J., 
Hamann, D.D. 1975. Effect of additives, processing 
techniques and frozen storage on the texture of shrimp. J. 
Food Sc i . 40(2):322.
Webb, N.B., Tate, J.W., Thomas, F.B., Carawan, R.E., and 
Monroe, R.J. 1976. Effect of freezing, additives, and 
packaging techniques on the quality of processed blue crab
157
meat. J. Milk Food Technol. 39:3^5.
Weddlej R.B. 1980. Texture p rofile panelling: a systematic 
subjective method for describing and comparing the 
textures of fish materials, particularly partial 
comminutes. In "Advances in Fish Science and T e c h n o l o g y , ” 
J.J. Connell and Torry Research Station Staff (Ed.), p. 
^09. Fishing News Books, Ltd., Farnham, Surrey, England.
Wentz, B.A., Duran, A.P., S w a r t z e n t r u b e r , A., Schwab, A . H . , 
and Read, R.B., Jr. 1983. Microbiological quality of fresh 
blue crabmeat, clams and oysters. J. Food Prot. ^6:978.
Wessels, J.P.H. and Olley, J. 1973. Effect of starving on 
the carapace content of stored frozen rock lobster. Cape 
Town, South Africa: Fishing Industry Research Institute. 
27th Annual Report:9-ll. Cited by Gillespie et al. 1983.
Wilaichon, W., Cobb, B.F., III, S u t e r , D.A., Dutson, T.R., 
and Jones, E.R. 1978. Effect of rigor mortis, postmortem 
pH, and stress values for white shrimp (Penaeus 
s e t i f e r u s ) . Proc. Trop. Subtrop. Fish. Tech. Conf. of the 
Americas 11:187.
Williams, R.R., W e h r , H.M., Stroup, J.R., Park, M., and
Poindexter, B.E. 1980. Effects of freezing and laboratory 
procedures on recovery of bacteria from ground beef. J. 
Food S c i . ^5:757.
Wills, P.A. 1981. Commercial application of freezing- 
irradiation combination process for p a s t e u rization of two 
specific batches of cooked, peeled shrimps. In 
"Combination Processes in Food Irradiation," p. 291. IAEA- 
SM-250/1. International Atomic Energy Agency, Vienna, 
Austr i a .
Winger, R.J. 1982. The effect of processing variables on the 
storage stability of frozen lamb. Bull. Int. Inst. Refrig. 
Cited by J u l , M. 198^. "The Quality of Frozen Foods." 
Academic Press, New York.
VITA
The author was born on March 3 1 j 195^ in Oak Harbor > 
Washington* USA. She graduated from Benjamin F r anklin Sr. 
High School in New Orleans, Louisiana in 1972.
She attended the University of Colorado in Boulder, CO, 
majoring in Anthropology, and later received a BS in Food 
Science at Louisiana State University in Baton Rouge, LA in 
1977. In 1981 she graduated from Louisiana State University 
with a MS in Fisheries.
158
DOCTORAL EXAMINATION AND DISSERTATION REPORT
Candidate: G a il Anne M arshall
Major Field: Food S c ien ce
Title of Dissertation: P r o c e ss in g  and F reez in g  Methods In flu e n c in g  th e C o n sisten cy
and Q u a lity  o f  F resh  and Frozen P ee led  C raw fish (Procambarus 
s p . )  Meat
Approved:
Major Professor and Chairman
Graduate school
EXAMINING COMMITTEE
I V j U i
Orvi.
Date of Examination:
December 17, 1987
